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PREFACE. 
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4 •-*>/■]♦<  f I \ . 

enlarge  on  the  literary  abilities 
of  the  illuftrious  Author  of  the 
following  Work  would  be  unneceffary  : 
an  affemblage  of  philofophical  qualifica- 
tions, very  rarely  found  united  in  one  per- 
fon,  has  long  fince  fufhciently  eftabliihed 
his  reputation.  But  among  the  many  en- 
dowments of  this  great  philofopher,  none 
is  more  confpicuous  than  the  anxious  con- 
cern he  every  where  difcovers  for  the  ad- 
vancement of  human  happinefs,  and  the 
earneltnefs  with  which  he  applies  the  great 
powers  of  his  mind  to  fuch  points  as  may- 
be immediately  applicable  to  the  ufes  of 
y V.ol,  i.  b life. 


vi  translator’s  preface. 

life.  He  defpifes  barren  and  unproductive 
fpecularion ; he  confiders  fcience  as  defi- 
rable  only  fo  far  as  it  is  beneficial ; and 
proves  himfelf,  upon  every  occafion,  not 
only  the  Teacher,  but  the  Friend  of  man- 
kind. 

x 

Works  like  thofe  of  Mr  Bergman  fhould 
have  an  univerfal  circulation  ; they  are 
written  not  to  the  fcholar  alone,  but  to 
the  artift,  to  the  manufacturer,  and  to  the 
world  in  general.  In  prefenting  the  fol- 
lowing pages,  therefore,  to  the  Englifh 
Beader,  theTranflator  flatters  himfelf  he  is 
aCting  in  perfeCl  conformity  with  the  fen- 
timents  of  the  Author,  and  the  duty  which, 
as  an  individual,  he  owes  to.  the  commu-? 
nity. 

t 

As  the  Author  writes  chiefly  to  thofe 
converfant  in  chemiftry  ; and  as  it  re- 
quires more  than  a moderate  acquaintance 
with  fome  of  the  lateft  difcoveries,  to  be 
able  to  follow  him  through  the  whole  of 
the  Work;  it  has  been  judged  neceflary  to 
add  a few  explanatory  notes,  fuch  as  may 
render  the  book  ufeful  to  thofe  who  are 

only 
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only  acquainted  with  the  elements  of  the 
fcience.  An  Appendix  is  accordingly  fub- 
joined  to  each  volume,  which,  though  by 
no  means  neceflary  to  the  accomplifhed 
and  experienced  chemift,  will,  it  is  hoped, 
prove  confiderably  ufeful  to  the  general 
run  of  readers,  and  thofe  who  are  but 
moderately  {killed  in  the  knowledge  of  the 
chemical  principles  and  art. 

Mr  Bergman,  in  his  experiments,  has 
employed  the  Swedifh  thermometer  : and 
it  has  not  been  thought  expedient  to  re- 
duce the  temperatures,  fo  afcertained,  to 
Fahrenheit’s  fcale  in  the  body  of  the  Work, 
becaufe  the  degrees  upon  the  Swedifh  ther- 
mometer are  not  reducible  to  integral 
numbers  upon  that  of  Fahrenheit;  but, 
for  the  accommodation  of  fuch  as  chuffe 
to  compare  them,  a plate  is  inferted,  con- 
taining the  Swedilli  and  the  French  ther- 
mometers, together  with  that  of  Fahren- 
heit, which  is  at  prefent  univerfally  em- 
ployed in  England. 

• Jh.e  fWedini  mrafures  being  alfo  fo  ad- 
jufted  that  they  are  not  reducible  exactly 

b a 
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to  thofe  of  England,  have  been  fufFered  to 
fland  as  in  the  orginal  ; but  a table  is 
given,  which  contains  thefe  weights  and 
meaiures  accurately  reduced. 
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advertisement. 

crH  E great  diftance  of  the  Tranjlator  obliged 
1 the  publijber  to  call  in  the  ajjiftance  of  an- 
other per/on  to  fuperintend  the  prefs.  That 
per  I on,  being  unacquainted  with  the  tranflator’ s 
defign  of  adding  annotations  at  the  end  of  the 
volumes , wat  induced  to  add  a few  inconjider- 
able  obfervations , fuch  as  his  recollection  could 
furnifh , during  an  hajly  perufal  of  the  MS. 
Tie , moreover , thought , that  the  addition  of  M. 
De  Morveau' s notes  would  be  acceptable  to  the 
Engl  if  reader.  He  accordingly  has  feleded 
Juch  as  afford  any  new  viezo's  of  the  fads  reluc- 
ted by  the  Author , or  /'apply  any  experiment  by 
which  the  text  is  illuftrated * He  has  omit- 
ted feveral  that  did  not  feem  to  contain  much 
ufeful  information  That  no  blame  might  be  im- 
puted to  the  Tranflator , on  account  ofthefe  ad- 
ditions, he  has  been  careful  tv  diflinguijb  thofe 
of  M.  de  Morveau  by  his  name : his  ozun  by  the 
letter  B.  ThoJ'e  marked  C.  belong  to  the  Tranj- 
lator ; zvho  has  been  obliged,  on  account  offorne 
domejlic  interruption , to  defer  the  greater  part 
of  his  remarks  to  the  end  of  the  fecond  volume  ; 
zvhich  will  appear  without  delay.  The  Author’s 
notes  and  references  are  zvithout  a Jignature . 
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man  who  has  ever  ferioufly  attempted  it.  Invo- 
lutam  'ueritatem  in  alto  latere , was  long  fince  ob= 
ferved  by  the  experienced  Seneca. 

With  refpect  to  fuch  hifforical  fadts  as  are  re- 
mote from  our  times,  modern  fcepticifm  fre- 
quently exceeds  all  bounds,  and  determines  ar- 
bitrarily what  are  to  be  confidered  as  fi&ions,* 
what  as  mifreprefentations,  and  what  as  omif- 
lions.  But  we  (hall  foon  ceafe  to  wonder  at 
this ; for  if  we  undertake,  on  the  faith  of  others,- 
to  explore  fadts,  which,  even  with  refpect  both 
to  time  and  place,  are  at  hand,  and  almoft  un- 
der our  immediate  infpedtion,  (efpecially  if  we 
W'ilh  to  learn  the  caufes,  motives,  and  connec- 
VoL.  I.  t tions 
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tions  of  a&ions  and  circumdances),  we  are  of- 
ten confounded  by  the  mod  contradictory  nar- 
rations, infomuch  that  we  have  occafion  for  op- 
portunity and  laborious  fludy,  muft  dived  our- 
felves  of  preconceived  opinions,  and  be  unbi- 
affed  by  any  intereded  motives,  in  order  to  folve 
a number  of  difficulties,  which  owe  their  origin 
partly  to  ignorance,  partly  to  negligence,  and 
not  unfrequently  to  deliberate  malice.  Should 
a number  of  hidorians  even  agree  concerning 
a fad,  yet  the  different  defcriptions  of  it  will,  to 
a certain  degree,  exhibit  the  characters  of  the 
refpeCtive  authors  Thus,  while  one  relates  an 
aCtion  with  the  mod  extravagant  encomiums, 
another  will  detraft  from  its  real  merit— a third, 
by  fome  oblique  infinuation,  cad  fuipicion  upon 
the  motive  of  it— and  a fourth  reprefent  it  as  a 
crime  of  the  blacked  dye.  But  to  quit  this  line 
of  inquiry.  ——It  may  be  expeCted  tuat  we  fhould 
find  things  otherwife  in  phyfics,  and  that,  though 
we  may  not  be  able  to  dive  into  the  thoughts  of 
men,  the  phenomena  exhibited  by  nature  would 

be  liable  to  jio  fuch  ambiguity. 

So  indeed  it  might  feem,  did  not  daily  expe- 
rience fully  evince  the  contrary.  Among  the 
mod  celebrated  expounders  of  nature,  how 
many  divifions  have  there  been  ? how  many 
fchifms  ? and  what  numbers  do  we  find  fpnng- 
ing  up  every  day  ? 


But 
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But  when  we  examine  thefe  difputes  more 
minutely,  we  ihall  find  that  they  relate  not  fo 
much  to  fads,  as  to  explanations.  The  labour 
of  the  natural  philofopher  is  chiefly  employed  in. 
endeavouring  to  difcover  the  means  and  the  me- 
thods made  ufe  of  by  Nature  in  her  operations, 
(that  is,  caufes  and  their  connections),  and  from 
thence  to  form  what  is  called  a theory  ; and 
upon  this  point  has  arifen  wonderful  difienfion. 

Des  Cartes,  aflfuming  matter  and  motion,  and 
thus  beginning  ab  ovo,  conftruCts  the  world, 
imagines  certain  forms  and  affections  of  bodies, 
and,  led  away  by  a fublime  imagination,  con- 
nects and  demonftrates  mechanically,  a priori, 
every  phenomenon  and  every  operation.  A 
. ftupendous  work  indeed,  were  it  but  conform- 
able to  the  fyftein  of  nature,  which  it  under- 
takes to  explain ; but,  upon  companion,  fo 
great  a difagreement  appears,  that  in  circum- 
ftances  where,  according  to  the  principles  of  the 
inventor,  the  moft  powerful  caufe  is  operating, 
there,  in  reality,  is  the  fmalleft  effeCt  produced  ; 
and  reciprocally.  This  whole  imaginary  ftruc- 
ture,  therefore,  being  reared  without  founda- 
tion, has  necefiarily  fallen  to  ruin. 

The  immortal  Newton  next  appeared.  This 
illullrious  perfonage,  rendered  cautious  by  the 
failure  of  his  rafli  predecelfor,  acknowledges 
that  a conception  of  the  theory  of  creation  ex- 
ceeds human  powers  : He  therefore  follows  the 

c 2 ' inverfe 
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inverfe  method.  He  firft  folicitoufly  colleds 
fa&s  ; thefe  he  examines  with  accuracy,  and 
compares  with  acutenefs : Hence  he  deduces  the 
laws  of  nature,  and,  from  effects  well  effablilh- 
ed,  he  infers  their  caufes.  Thus  he  proceeds, 
more  flowlv  indeed,  but  more  fecurely ; and 
though  his  method  be  tedious,  yet  it  is  conti- 
nually leading  to  further  difcovery.  An  edifice 
like  this,  built  on  a folid  foundation,  becomes 
the  more  firm  the  higher  it  is  raifed. 

Although,  at  prefent,  it  is  univerfally  agreed, 
that  nothing  is  known  concerning  bodies  a -pri- 
ori, but  that  their  nature  and  different  proper- 
ties muff  be  difcovered  a pofteriori , by  obferva- 
tion  and  experiment  ; neverthelefs,  in  practice, 
there  are  (till  not  a few  who,  if  not  publicly,  at 
leafl  privately,  incline  to  Cartefianifm.  1 call 
it  Cartefianifm,  not  becaufe  that  method  of  rea- 
foning  was  invented  by  Des  Cartes,  (for  in  the 
moff  remote  periods  of  time,  there  have  been 
philofophers  who,  confiding  too  much  in  their 
own  ftrength,  have  expe&ed  to  be  able  to  dif- 
cover  the  nature  of  things  by  abftraft  medita- 
tion) ; but  I employ  the  names  of  Des  Cartes 
and  Newton  as  affording  the  moff  ffriking  ex- 
amples of  the  different  methods  of  philofophi- 
zing. 

I have  faid,  that  a tendency  to  Cartefianifm 
ftill  fubfiffs  ; and,  upon  attentive  confideration, 

it  will  not  appear  wonderful  that  the  human 
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mind  fhould  delight  to  indulge  in  this  method  ; 
for,  on  the  one  hand,  the  way  of  experiment  is 
expenfive,  troublefome,  and  tedious.  All  minds, 
therefore,  are  not  capable  of  enduring  it : Many 
are  without  the  proper  inflruments  ; others  want 
the  neceflfary  dexterity  ; but  the  moll  univerfal 
defeft  is  that  of  patience  and  perfeverance  ; fo 
that  if  the  experiment  does  not  at  once  fucceed, 
it  is  abandoned  in  difguft.  Man,  in  his  ordi- 
nary Hate,  feems  by  nature  prone  to  indolence. 
On  the  other  hand,  the  contemplative  method 
favours  the  defire  of  knowledge  ; by  pretending 
to  unlock  the  fecrets  of  nature  with  eafe  and 
expedition,  it  foothes  the  natural  rage  of  ex- 
plaining all  things  ; and,  by  fuppofmg  every 
thing  acceflible  to  the  human  intellect,  admini- 
fters  pleafing  flattery  to  vanity  and  arrogance. 

At  prefent,  however,  the  neceflity  of  experi- 
ment appears  fo  obvious,  that  no  one  can  deny 
it,  without  expofmg  himfelf  to  ridicule.  It  is 
therefore  acknowledged,  but  with  a tacit  limita- 
tion. A number  of  experiments,  made  during 
a fucceflion  of  ages,  is  colle&ed ; and  an  accu- 
rate and  attentive  confideration  of  them  is 
thought  fufflcient  to  unravel  the  chain  of  caufes. 
Thus  a philofopher  at  his  table,  lurrounded 
with  books,  undertakes  to  penetrate  the  arcana 
of  nature,  and  to  deal  out  truths  as  if  by  infpi- 
ration  ; and,  without  a laboratory,  without  a 
luitable  apparatus,  without  expence,  trouble,  or 
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danger,  pronounces  concerning  fubftances, 
which,  far  from  examining  as  he  fhould,  he 
has  never  fo  much  as  feen.  Nor  has  this  in- 
vention even  the  recommendation  of  novelty ; 
for,  many  ages  fince,  Ariftotle  eftablilhed  expe- 
riment and  reafoning  as  the  two  foundations  of 
natural  philofophy  ; but  by  means  of  the  latter 
he  miferably  corrupted  the  former.  In  this 
way,  at  prefent,  the  purity  of  truth  is  corrupted 
by  preconceived  opinions  concerning  the  genefis 
and  metamorphofis  of  matter. — Opinions  fuch 
as  thefe,  if  modeftly  and  candidly  propofed  as 
conjectures,  might  be  ufeful,  by  giving  occafion 
to  new  experiments  ; but  are  of  the  molt  per- 
nicious tendency  when  obtruded  as  axioms ; 
when  they  wreft  fuch  experiments  as  contradict 
them  to  a conftrained  agreement ; or,  if  that 
cannot  be  done,  impugn  the  truth  of  the  expe- 
riments. Another  evil  has  originated  from  fa- 
vourite hypothefes,  namely,  experiments  muti- 
lated, and  not  to  be  relied  on.  He  who  is  go- 
verned by  preconceived  opinion,  may  be  confi- 
dered  as  a perfon  viewing  objeCts  through  co- 
loured glalfes,  each  alluming  a tinge  fimilar  to 
that  of  the  glafs  employed.  The  flighted  and 
mod  vague  fimilitudes,  if  agreeable  to  the  fy- 
ftem,  are  fufficient,  nay,  afford  arguments  of  the 
greateft  weight  ; while  differences  of  the  mod 
ft r iking  nature  are  difregarded  as  altogether  nu- 
gatory. 
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The  time  which  is  employed  in  difcufling 
thefe  trifles,  would  furely  be  better  applied  m 
experiment  and  obfervation  ; a labour  by  which 
truth  may  be  made  to  Ihine  forth  in  lull  luftre, 
and  due  honour  be  given  to  fcience,  which  now 
(tarniihed  by  contradictions  and  diffenfions)  is, 
if  not  totally  defpifed,  at  lead  fufpeded  by  thofe 
who  are  incapable  of  deep  inquiry. 

Add  to  this,  that,  even  in  natural  philofophy, 
the  turbulent  paflions  of  the  mind  are  not  al- 
ways idle  : Sad  experience  has  fliewn  us  the 
molt  beautiful  inventions  brought  into  con- 
tempt, and  the  higheft  merit  blafted,  by  malig- 
nant clamour.  But  our  bufmefs  is  not  with 
thofe  who  are  wilfully  blind  to  truth  to  aigue 
with  fuch  would  be  to  tell  tales  to  the  deal. 

Since  then  truth  is,  or  at  lead  ought  to  be, 
the  end  of  every  invefligation,  to  obtain  this  end 
with  eafe  and  expedition — hoc  opus , hie  labor , 

I think  it  therefore  neceflary,  at  the  beginning 
of  this  Collection  of  Effays,  to  explain  to  the 
reader  the  principal  rules  which,  in  the  progrels 
of  them,  I laid  down  for  myfelf.  In  the  exa- 
mination of  any  body,  two  circumftances  are 
chiefly  to  be  confidered,  namely,  the  cow.pofition 
of  that  body , and  the  explanation  .of  phenomena. — 
Thefe  two  we  fhall  confider  feparately. 

I.  (a)  In  invejligating  the  principles  of  a body , 
we  muji  not  judge  of  them  from  a flight  agreement 
with  other  known  bodies , blit  they  muji  be  fepara- 
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ted  direttly  by  analyfts , and  that  analyfis  mufi  be 
confirmed  byfiynthefis. 

It  is  well  known  that  bodies,  by  compofition, 
acquire  new  properties,  which  did  not  appear  in 
any  of  the  component  parts  feparately ; and,  on 
the  contrary,  fome  of  the  original  properties  de- 
cay, or  even  difappear  : Hence  it  appears  how 
little  analogy  is  to  be  trufted  to. 

Thus,  although  terra  ponderofa  and  magnefia 
agree  with  lime  in  this  particular,  that,  when 
united  with  aerial  acid,  they  eftervefce  with 
other  acids ; and  that,  when  it  is  expelled,  they 
become  cauftic,  we  are  not  hence  to  conclude 
that  lime  is  contained  in  thofe  fubftances.  This 
analogy  is  certainly  a loofe  one,  and,  when 
rightly  confidered,  only  fhews  that  the  aerial  acid 
poffefies  the  property  of  uniting  with  a variety 
of  fubftances,  and  that  by  its  prefence  caufticity 
is  repreffed.  If  we  were  to  deduce  conclufions 
from  this  analogy,  then  the  alkaline  falts  mu  ft 
contain  lime,  as  they  alfo  effervefce  with  acids, 
and,  in  fimilar  circumftances,  exhibit  a much 
greater  degree  of  caufticity. 

The  hiftory  of  the  learned  world  fhews  us  the 
abfurd  arguments  which  were  formerly  made 
ufe  of  againft  the  exiftence  of  the  foftiie  alkali, 
which  is  now  acknowledged  by  every  one  to 
exift  diftindt  from  the  vegetable  alkali,  inafmuch 
as,  when  combined  with  the  acids,  it  never  fails 
to  produce  falts  of  a different  fort.  In  the  fame 
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manner  terra  ponderofa  and  magnefia,  with  a- 
cids,  yield  falts  very  different  from  thofe  pro- 
duced by  lime  with  the  fame  acids  : We  may 
therefore  conclude  thefe  to  be  diltinft  fub- 
ftances. 

That  perhaps  they  contain  a lime  fomehow 
changed,  I will  readily  acknowledge,  as  foon  as 
lime  can  be  extra&cd  from  them,  or  they  can 
be  converted  into  lime.  Conje&ures  the  mod 
plaufible  are  yet  at  a diftance  from  truth,  and, 
upon  clofe  examination,  are  frequently  found 
altogether  repugnant  to  it. 

What  has  now  been  faid  holds,  muiatis  mutan- 
dis, of  aerial  acid  and  the  acid  of  fugar  ; as  alfo 
of  nickel,  cobalt,  and  manganefe. 

In  general,  any  body  which  differs  in  proper- 
ties from  every  other,  and  can  be  always  had 
fimilar  to  itfelj \ I confider  as  a different  and  di- 
ffinct  body,  although  it  be  produced  by  another 
known  body  ; for  properties  new  and  conftant 
cannot  fpring  up,  unlcfs  the  primitive  be  chan- 
ged by  the  addition  or  fubtraclion  of  fome  prin- 
ciple, in  which  cafe  it  is  not  the  fame  body  as 
before. 

(b)  Analyfis  Jhould  chiefly  be  conducted  in  the 
humid  way. 

I do  not  deny,  but  that  the  dry  way  may 
fometimes  be  ufeful,  and  ought  to  be  employ* 
ed  ; but,  in  molt  cafes,  fire  tends  rather  to  con- 
found than  to  feparate  different  fubflances. 

Some 
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Some  contend  that  matters  extracted  by  men- 
ftrua  are  changed,  and  that  they  had  exifted  in 
the  decompofed  body  in  a ftate  very  different 
from  that  in  which  they  are  found  after  the  de- 
compofition  ; but,  let  us  not  reft  upon  vague 
affertion ; let  us  inquire  into  the  truth  by  expe- 
riment, and  our  doubts  w’ill  foon  vanifh  : — Let 
us  diflolve  a given  quantity  of  pure  chalk  in 
marine  acid ; let  this  again  be  precipitated  by  a 
fixed  alkali ; and  if  this  alkali  be  mild,  the 
chalk  is  recovered  entirely  fimilar  to  itfelf  in 
properties  and  in  weight : But,  if  the  alkali  em- 
ployed be  cauftic,  not  more  than  half  the  weight 
is  obtained,  and  the  precipitate  agrees  with  lime 
burned  and  flacked  ; for  it  is  foluble  in  water, 
and  raifes  no  effervefcence  in  acids.  This  ex- 
periment, if  repeated  an  hundred  times  with  the 
fame  chalk,  will  always  afford  the  fame  produtt. 
The  fame  thing  is  true  of  terra  ponderofa  and 
magnefia,  and  alfo  pure  clay,  of  which  the 
weight,  however,  is  fcarce  fenfibly  altered  by  a 
difference  in  the  precipitant.  The  fame  holds 

in  the  other  acids.  Let  us  now  diffolve  fome 
* 

metal,  precipitate  with  a fixed  alkali,  and  we 
fhall  have  a calx  of  that  metal  ; but,  if  we  pre- 
cipitate with  another  metal,  we  fhall  recover  the 
diffolved  metal  itfelf,  only  very  minutely  divi- 
ded. Mild  alkali,  in  certain  cafes,  produces  a 
much  heavier  calx  than  the  cauftic,  namely, 
when  the  calx  abforbs  the  aerial  acid  : Befldes, 

the 
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the  different  acids  occafion,  in  this  cafe,  no  other 
difference  than  a greater  or  lefs  privation  of 
phlogifton.  Thefe  things,  of  which  no  one  con- 
verfant  in  chemiftry  is  ignorant,  being  known, 
let  us  fuppofe  either  lime,  magnefia,  clay,  or 
iron,  extrafted  by  any  acid  menftruum ; I afk, 
can  we  reafonably  doubt  whether  thefe  fub- 
flances  actually  exifted  in  the  body  fubje£ted  to 
the  experiment,  or  not  ? From  the  qualities  of 
the  integrant  body,  it  will  eafily  be  judged  whe- 
ther thefe  have  entered  into  its  ftru&ure,  mild 
or  cauftic  ; in  the  form  of  a calx,  or  in  that  of 
a metal. 

Upon  this  occafion,  I muff  mention  the  inve- 
terate error  concerning  the  origin  of  vegetable 
alkali  by  fire.  The  filly  and  abfurd  reafons  on 
which  they  denied,  the  prior  exiftence  of  that 
fait,  may  now  be  retorted  upon  the  authors. 

(c)  Such  experiments  Jhould  be  injiitutcd  as  are 
adapted  to  the  difcorcery  of  truth. 

Light  is  thrown  upon  a fubject  not  by  the 
multitude,  but  by  the  quality  of  experiments : 
Moll  commonly  many  different  points  are  to  be 
illuflrated,  and  then  the  experiments  fhould  be 
varied  according  to  circumftances,  fo  as  clearly 
to  afcertain  the  point  in  queflion. 

For  example,  in  examining  the  mineral  fluor, 
one  queflion  arifes  concerning  the  acid  inhering 
in  it,  another  concerning  the  balls.  To  obtain 
the  firfl,  pure  vitriolic  acid  mull  be  applied  in 

lefs 
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lefs  quantity  than  is  fufficient  to  expel  it  all,  and 
a degree  of  heat  applied  lefs  than  what  is  fuffi- 
cient to  volatilize  the  vitriolic  acid.  In  exami- 
ning the  bafe,  the  fire  muft  be  more  intenfe, 
and  a large  quantity  of  vitriolic  acid  poured  on, 
that  no  part  may  efcape  its  a&ion,  which,  mix- 
ed with  the  bale,  might  obfcure  its  true  nature  : 
Thus,  unlefs  the  operations  and  the  means  be 
adapted  to  the  end  propofed,  we  only  every  day 
accumulate  miftakes. 

(d)  Experiments  Jhould  be  made  with  the  utmoji 
pojfible  accuracy . 

Experiments  which  are  only  carelefsly  and 
flightly  obferved,  frequently  either  do  not  illu- 
ftrate  the  truth,  or  ellablifli  errors.  By  weight, 
by  meafure,  and  other  fit  means,  all  the  princi- 
pal circumftances  ffiould  be  fettled,  and  all  the 
phasnomena  carefully  obferved.  With  refpect  to 
fads,  indeed,  which  are  colle&ed  by  experiment, 
no  difpute  can  arife,  as  they  may  at  pleafure  be 
appealed  to,  and  confidered  in  every  point  of 
view  with  fufficient  care.  The  cafe  is  otherwife 
with  thofe  circumltances  which  depend  foltly 
upon  the  operations  of  nature  ; for  thefe,  if  the 
fit  time  be  negleded,  do  not  again  occur,  but  ac- 
cidentally, or  perhaps  after  an  interval  of  years. 
li  Front e capillata , poft  eft  occajio  c ahead  ’ In 

many  cafes,  however,  imitation  may  be  able  to 
diminilh  that  interval. 

I ana 
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I am  almoft  afhamed  to  relate,  that  I knew  a 
chemift  who  confidered  thermometers,  and  fuch 
indruments,  as  phyfical  fubtleties,  fuperfluous 
and  unneceffary  in  a laboratory.  It  is  beyond 
a doubt,  that  the  mod  minute  circumdances 
have  their  efficient  caufes  ; and  thefe  caufes,  for 
the  moll  part,  are  fo  interwoven  with  the  more 
powerful  ones,  and  fo  moderate  their  efficacy, 
that,  without  the  former,  the  whole  effect  can- 
not be  appreciated.  In  natural  philofophy,  no 
obfervations  are  trivial,  no  truths  infignificant. 
That  which  to  us  is  barren,  is  often  fo  for  this 
reafon  only,  that  we  do  not  fufficiently  know, 
nor  fufficiently  examine  it.  How  many  millions 
had  ufelefsly  beheld  the  falling  of  a pear  ; yet, 
to  Newton,  this  mod  common  of  all  phenomena 
fuggeded  the  theory  of  gravitation. 

(e)  The  experiments  of  others , particularly  the 
more  remarkable  ones^Jhould  be  candidly  reviewed. 

We  ffiould  never  didruft  the  experiments  of 
authors  of  credit  ; but  I hold  it  ufeful  to  have 
new  inventions  confirmed  by  many  witneffes  in 
different  places,  which  opens  a wide  field  to  in- 
duflry.  t 

It  mud  be  confeffed,  that  many  things  occur 
which  are  more  clearly  and  better  underflood 
by  being  feen,  than  by  the  mod:  exaft  deferip- 
tion.  In  repeating  any  of  Margraaf’s  experi- 
ments, I never  entertained  even  the  fmallefl 
doubt  of  the  event.  The  accuracy,  the  dexte- 
rity, 
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rity,  and  found  reafoning  of  that  chemift  are 
known  to  every  one  inftru&ed  in  thefe  matters  ; 
neverthelefs,  I have  repeated  many  of  them,  not 
without  advantage.  He  who,  at  his  defk,  me- 
ditates on  the  faccharine  acid,  readily  concludes 
it  to  be  fugar  diffolved  in  the  nitrous  acid,  and 
afterwards  cryflallized  ; but,  better  inftruCted 
on  making  the  experiment,  he  changes  his  opi- 
nion, and  learns  not  to  give  judgment  rafhly 
upon  the  experiments  of  others. 

One  thing  particularly  necelfary  is  candour, 
in  obferving  with  equal  eye  thofe  facts  which 
controvert  our  opinions,  and  thofe  which  favour 
them.  It  is  well  obferved  by  the  celebrated 
Morveau,  that  we  never  profit  more  than  by 
thofe  unexpected  events  of  experiments  which 
contradict  our  analogies  and  theories  : It  often 
happens,  however,  that  he  who  fees  the  better, 
follows  the  w'orfe.  Thus  he  who  denies  that 
the  earth  of  vegetables,  feparately  taken,  is  not  ; 
a compound  body,  yet  grants  that  a part  of  it  is 
foluble  in  acids,  confutes  himfelf  with  his  own 
argument ; for,  of  an  homogeneous  mafs,  either 
the  whole  or  none  muft  be  taken  up. 

II.  The  phsenomena  of  a body,  either  confi- 
dered  by  itfelf,  or  in  reference  to  other  bodies, 
have  their  foundation  either  in  the  body  itfelf,  ; 
or  in  external  circumftances.  The  explanation 
of  thefe,  then,  muft  be  fought  for, — “ bene  fcire , 

“ ejl  1 


neam 
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<c  eft  per  caufas  fcire”  Thefe  being  rightly- 
known,  the  nature  and  properties  are  clearly 
underftood,  and  may  be  moulded  to  our  wifh» 
The  greateft  care,  however,  mull  be  taken  not 
to  embrace  falfehood  for  truth — therefore, 

(a)  In  the  invcftigation  of  caufes , we  muft  begin 
by  phenomena  fufficiently  varied , and  well  obfer- 
ved;  and  proceed  in  order,  from  proximate  caufcs 
to  the  more  remote. 

The  quantity  and  quality  of  a caufe  are  to  be 
judged  from  its  effett  ; hence  the  better  that  is 
known,  the  more  nearly  can  thofe  be  deter- 
mined.  This  way  is  extremely  laborious  and 
troublefome,  and,  befides,  very  tedious  ; info- 
much  that  we  are  often  found  to  confefs  the 
caufe  of  this  or  that  phenomenon  to  be  yet  un- 
known : But  the  laws  by  which  a caufe  is  go- 
verned in  its  operations,  being  once  eftablifhed, 
we  are  at  liberty,  in  many  cafes,  to  affume  the 
caufe,  as  if  known ; and  I had  rather,  with 
Newton,  ingenuoufly  confefs  my  ignorance,  and 
know  few  things,  but  thefe  certain  and  deter- 
minate, than,  with  Des  Cartes,  explain  every 
thing  upon  forged  or  falfe  principles.  Cicero 
long  fince  faid,  “ praftat  natures  voce  doceri 
“ quam  ingenio  fuo  f ape  re” 

By  how  trifling  an  appearance,  if  it  be  a 
pleafing  one,  we  may  be  deceived,  the  following 
example  will  fhew  : — It  is  known,  that  lime, 
v,  ell  burned,  has  loft  the  property  of  effervef- 


cence 
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cence  with  acids.  This  phenomenon  is  trouble- 
fome  to  many  who  deny  the  exiftence  of  aerial 
acid.  At  length,  however,  an  evafive  expedi- 
ent was  fuppofed  to  be  difcovered,  namely,  if 
burned  lime  be  put  into  highly  concentrated 
acids,  a vifible  effervefcence  is  faid  to  take  place, 
which,  when  the  acids  are  weak,  cannot  be  feen, 
as  the  fubftance,  being  dried  by  the  fire,  readily 
abforbs  them.  In  order  to  clear  up  this  miftake, 
it  is  only  neceflary  to  obferve  the  phenomena 
with  accuracy  : — Let  a fmall  glafs  veflfel  be  fil- 
led with  nitrous  acid,  throw  into  it  a piece  of 
chalk,  immediately  innumerable  bubbles  are 
emitted  from  its  wdiole  furface,  which  continue 
while  a fingle  particle  remains  vifible  ; during 
this  violent  agitation  a thermometer,  dipped  in- 
to the  glafs,  fhews  not  the  flighted:  alteration  of 
temperature  (a).  Whether  the  acid  be  diluted 

or 


(«)  M.  Morveau,  in  a note,  which  I have  tranfiated 
(fee  p.  38),  truly  obfcrves,  that  when  chalk  is  diflolved 
in  a concentrated  acid,  heat  is  produced.  The  author 
himfelf  ( Opufc.  vol.  iii.  p.  64.)  fays,  that  calcareous 
earth,  while  it  was  difiolving  in  nitrous  acid,  raifed  the 
liquor  in  the  Swedifh  thermometer  from  + 1 40  to  + 20°, 
and  lime,  not  flacked,  from  + 140  to  + 84°.  He  at- 
tributes the  miftake  in  the  text  to  his  having  made  the 
experiment  with  too  fmall  a quantity  of  materials,  and 
having  employed  a thermometer  not  fufficiently  fen- 
fible. 
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or  concentrated,  the  fame  phenomena  occur. 
Let  now  the  experiment  be  repeated,  only,  in- 
Vol.  I.  d flead 

In  the  fame  note,  M.  Morveau  gives  an  explanation, 
undoubtedly  erroneous,  as  I have  there  obferved,  of  the 
heat  and  cold  produced  in  chemical  experiments.  Sir 
T.  Bergman  has  affigne'd  the  true  theory  in  his  third 
volume.  He  has  deduced  it  from  the  different  quan- 
tity of  fpecific  fire,  or,  according  to  his  mode  of  expref- 
fion,  of  matter  of  heat , contained  in  different  fubflances  : 

“ The  menftruum,”  fays  he,  “ deftroys  the  prefent 
aggregation  of  particles,  and  a new  compound  is  form- 
ed, which  fometimes  fixes  a greater  quantity  of  the 
matter  of  heat  than  the  former  compound  ; in  this 
cafe,  in  order  to  reftore  the  equilibrium,  the  heat  in 
the  contiguous  bodies  muff  undergo  a diminution,  and 
the  liquor  in  the  thermometer  will  of  courfe  defcend  : 
If  the  new  compound  fixes  a fmaller  quantity  of  the 
matter  of  heat,  the  furplus  will  be  let  loofe,  and  flow 
into  the  contiguous  bodies : When  the  quantity  of  heat 
is  the  fame  in  both  compounds,  (which  feldom  hap- 
pens), the  thermometer  will  not  be  at  all  affeiffed.” 

Mr  Kirwan  has  lately  given  nearly  the  fame  explana- 
tion of  thefe  phsenomcna,  in  the  Philofophical  Tran- 
faflions.  Evaporation  mufl  be  taken  into  the  account : 
Wherefore,  in  the  laft  cafe  fuppofed  by  Profeffor  Berg- 
man, the  liquor  in  the  thermometer  mufl  fall  a little. 
Mr  Kirwan,  if  my  memory  does  not  fail  me,  intimates 
this  circumflance,  but  does  not  exprefsly  mention  it. 

Profeffor  Bergman,  I think,  in  more  paffages  than 
one,  obferves,  that  the  great  difference  of  heat  In  a 
folution  of  aerated  and  cauftic  calcareous  earth,  is  a 
proof  that  this  earth,  when  it  yields  its  air,  fixes  a 

quantity 
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ftead  of  crude  chalk,  let  an  equal  piece,  well 
burned,  be  ufed  : Let  the  acid  be  diluted,  and* 
at  firft,  a very  few  bubbles  appear,  but  foon 
fall ; befides,  in  this  cafe,  a confiderable  degree 
of  heat  is  produced,  fomewhat  lefs  than  ioo°. 

If 


quantity  of  the  matter  of  heat ; but  lie  who  refi’e&s  how 
much  of  this  aflive  fluid  mnft  be  abforbed  by  the  aerial 
acid,  as  it  paffes  from  its  folid  to  its  fluid  form,  will- 
eafily  be  perfuaded  that  this  confideration  will  explain 
much  of  the  difference.  The  fpecific  fire  in  the  com- 
pound of  nitrous  acid  and  calcareous  earth  is,  doubt- 
lefs,  in  both  cafes  equal. 

Thofe  who-  are  acquainted  with  the  ufual  order  ob- 
ferved  in  printing  books,  know  that  prefaces,  prelimi- 
nary diflertations,  &c.  pafs  through  the  prefs  lalt.  This 
circumftance  obliges  me  to  place  here  an- obfervation 
which  refers  to  page  48.  I have  there  ventured  to  re- 
ject both  the  author’s  and  the  French  annotator’s  hy- 
DOthefes  refpedling  lime  too  much  burned,  and  to  of- 
fer another  explanation.  Since  that  note  was  written, 
the  third  volume  of  the  Opufcula  has  fallen  into  my 
hands,  in  which  I have  found  that  the  author  himfelf 
has  explained  this  phcenomenon  from  the  very  fame 
fuppofition. — “ It  is  raoft  probable,”  fays  h?,  “ that 
a ilrong  heat,  fuddenly  applied,  and  long  continued, 
occafions  a kind  of  fufion  of  many  particles  ly'mg  on 
the  furface,  molecule— fufionh  fere  more  in  ambitu  coa - 
lifer e incipiant , &c.”  The  reader  may  now  fafely  re- 
fufe  to  admit  the  author’s  firfl:  fuppofition,  fince  more 
mature  confideration  has  induced  him  to  rejcft  it  him- 

fglf.  B. But  it  is  now  certain  that  this  femi-vitrifi- 

cation  was  owing  to  the  admixture  of  argillaceous 
earth,  which  is  very  often  contained  in  lime-ftone. 
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£f  the  acid  be  fufficiently  concentrated  (but  not 
too  much)  at  firft,  not  only  fmall,  but  even 
large  and  numerous  bubbles  arife,  which,  how- 
ever, foon  die  away,  and  all  vifible  motion  flops, 
both  in  the  calcareous  mafs  and  in  the  acid  li- 
quor. In  this  cafe,  however,  a very  intenfe  de- 
gree of  heat  is  generated,  which,  if  the  piece  be 
large,  exceeds  ioo°. 

From  thefe  phenomena,  attentively  confider- 
ed,  an  explanation  will  eafily  and  naturally  be 
deduced.  In  the  latter  cafe,  for  inflance,  fo 
much  heat  is  produced,  that  the  watery  parts  in 
contadl  with  the  burned  chalk  boil,  for  fome 
moments  ; but  when  the  acid  is  diluted,  only  a 
few  air-bubbles,  which  occupied  the  pores  of 
the  fpongy  mafs,  are  difeharged  by  the  expan- 
five  power  of  the  beat.  In  both,  however,  the 
motion  is  foon  at  an  end.  But,  with  the  crude 
chalk,  the  motion  continues  until  the  chalk  is 
totally  diffolved  : This  motion  is  called  effer- 
vefcence,  and  muft  carefully  be  diftinguifhed 
from  ebullition. 

00  caufe , any  how  indicated  by  phcenome?ia , 
may  for  a while  be  affumed  as  true  ; and  from  it 
may  be  deduced  the  neccffary  confequenccs , which , 
being  fepai  aicly  examined  by  fuitable  experiments , 
either  confirm  or  overturn  the  pofition. 

1 his  method  has  been  often  ufed  to  advan- 
tage in  mathematics,  and  ought  to  be  applied  in 
natural  philofophy,  as  a left  for  the  examination 

of 
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of  various  hypothefes  and  conjectures  ; and  we 
muft  confefs,  that  a pofition,  all  the  legitimate 
confequences  of  which  are  confirmed  by  expe- 
riment, may  properly  be  admitted  as  true.  In 
this  cafe  we  have  a problem  indeterminate,  of 
which  the  unknown  quantities  are  fought  by 
experiment. 

( c ) Befides , the  caufe  Jhould , if  pojjible , fo  he 
compared  with  the  effect,  that  the  exad  relation 
may  be  dif covered,  even  as  to  quantity. 

By  this  it  will  appear  whether  the  caufe  alone 
be  adequate  to  the  effeCt,  or  whether  it  has  been 
affifted.  An  inftance  of  this  kind  occurs  in  the 
confideration  of  agriculture,  where  a queftion 
arifes  concerning  the  ufe  of  water  in  vegetation. 

Finally,  I aim  at  giving  denominations  to  things 
as  agreeable  to  truth  as  poffible. 

I am  not  ignorant  that  words,  like  money, 
poffefs  an  ideal  value,  and  that  great  danger  of 
confufion  may  be  apprehended  from  a change 
of  names  ; in  the  mean  time,  it  cannot  be  de- 
nied that  chemiftry,  like  the  other  fciences,  was 
formerly  filled  with  improper  names.  In  diffe- 
rent branches  of  knowledge,  we  fee  thofe  mat- 
ters long  fince  reformed  : Why  then  fhould 
chemiftry,  which  examines  the  real  nature  of 
things,  (till  adopt  vague  names,  which  fuggefi: 
falfe  ideas,  and  favour  ftrongly  of  ignorance  and 
impofition  ? Befides,  there  is  no  doubt  but  that 
many  corrections  may  be  made  without  any  in- 
convenience : 

v * T • J 
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convenience : — If,  inftead  of  oil  of  vitriol,  and 
fpirit  of  vitriol,  we  ufed  the  terms  concentrated 
vitriolic  acid , and  diluted  vitriolic  acid , I think  that 
no  one  would  be  thereby  either  confounded  or 

milled. 

But,  in  defcribing  new  fubftances,  it  is  necef- 
fary  that  names  fhould  be  conformable  to  the 
nature  of  the  fubftances.  Thus,  inftead  of fined 
air , I ufe  aerial  acid,  becaufe  that  fluid  is  in  its 
nature  acid,  and  not  only  poflefles  the  fubtlenefs 
and  elafticity  of  air,  but  either  contains  pure 
air,  or  fome  of  its  conftituent  principles  ; for 
the  pureft  air  that  can  be  got,  on  the  acceflion 
of  phlogifton  produced  this  fluid,  (the  aerial 
acid)  ; I could  not  therefore  find  out  a name 
better  adapted.  Some  think  that  this  fubtile 
acid  is  the  fame  as  phlogifticated  vitriolic  acid  ; 
but  whoever  has  feen  and  compared  the  two, 
cannot  ferioufly  defend  that  opinion. 

Let  me  have  permiflion  to  mention  here  an 
obfervation,  which  feems  to  indicate  the  prefence 
of  phlogifton  in  the  aerial  acid  : — Pure  vitrio- 
lic acid  cannot  be  refolved  into  a permanently 
elaftic  fluid  ; but,  on  the  addition  of  phlogifton, 
an  aerial  fluid  is  generated,  (totally  different 
from  the  aerial  acid),  which  is  not  condenfed 
by  cold,  unlefs  it  touch  water  ( \b ).  The  fame  is 

to 

(£)  We  have  now  much  flronger  and  more  direct 
proofs  of  this  hypothecs ; and  the  experience  of  every 

day 
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to  be  faid  of  the  nitrous  acid  ; but  the  marine 
acid  by  itfelf  is  refolvable  into  an  aerial  fluid. 
Now,  as  this  laft  acid  contains  phlogifton  as  a 
proximate  principle,  as  is  demonftrated  by  ana- 
lytic and  fynthetic  experiments,  it  hence  feems 
to  follow,  that  the  aerial  acid  contains  the  prin- 
ciple of  inflammability  : I fay,  feems  to  follow, 
for  all  things  which  are  like  truth,  are  not  there- 
fore true.  v 

Thefe  few  reflections  it  was  proper  to  pre- 
mife.  Let  the  fkilful  and  impartial  determine 
with  what  fuccefs  I have  fought  for  truth  in  the 

following 

day  feems  to  add  to  the  number.  I (hall  not  confider 
them  here  ; the  laft  Eflay  in  the  third  volume  will  af- 
ford a more  favourable  opportunity.  I have  in  con- 
templation fome  experiments  calculated  to  elucidate 
the  queftion  : If  the  refults  fliall  furniffi  me  with  any 
information,  I will  there  lay  it  before  the  public.  In 
the  mean  time,  experimental  philofophers  would  be 
well  employed  in  analyfing  this  acid  : The  folution  of 
few  problems  will  throw  fo  much  light  upon  the  the- 
ory of  chemiftry.  If  the  aerial  acid  fliall  be  found  to 
confift  of  dephlogifticated  air  and  phlogifton,  Mr 
Scheele’s  doctrine  of  heat  muft  fall  to  the  ground  ; if 
not,  it  will  be  difficult,  in  the  prefent  (late  of  chemical 
knowledge,  to  find  arguments  fufficient  to  overthrow 
it.  B. — Mr  Schecle’s  do<ftrine  is  now  univerfally  a- 
bandoned.  The  compolition  of  fixed  air,  too,  is  be- 
come very  problematical,  fince  it  has  been  difcovcred 
that  water  confifts  of  vital  and  inflammable  air,  and 
fince  the  exiftence  of  phlogifton  has  been  rendered  fo 
doubtful. 
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following  effays,  and  whether,  as  I endeavoured 
to  avoid  one  rock,  I have  not  fplit  upon  an- 
other. 

Mod;  of  the  effays  contained  in  this  firft  vo- 
lume have  already  been  publifhed  feparately  ; 
but,,  as  the  copies  were  foon  difperfed,  and, 
moreover,  as  fome  were  written  in  Swedifh, 
fome  in  Latin,  and  others  in  French,  I have 
undertaken,  at  the  inftance  of  my  friends,  and 
more  efpecially  fuch  as  are  foreigners,  to  collect 
them,  and  tranflate  into  the  common  language 
of  the  learned,  thofe  which  were  written  in  other 
languages.  1 have  not  difpofed  them  in  the  or- 
der of  the  time  in  which  they  were  printed  ; 
but  I have  rather  endeavoured  that  the  preceding 
fhould  illuftrate  thofe  which  follow.  I have, 
however,  mentioned  in  a note  the  time  of  the- 
firft  publication  of  each  effay. 

In  the  firft  volume  I have  inferted  thofe  effays 
which  relate  to  falts  ; in  the  fecond,  thofe  which 
refer  to  mineralogy  and  metallurgy  fhall  be 
comprized  j the  third  fhall  contain  the  dodtrine 
of  attra&ions,  together  with  the  analyfis  of  fome 
organized  bodies  ; the  fourth,  various  matters 
relative  to  natural  philofophy  and  natural  hifto- 
ry  j and  in  the  following  I will  publifh,  if  God 

grant  me  life  and  ftrength,  other  chemical  ef- 
fays. 

I fhall  be  fatisfied  if  the  following  experi- 
ments, which  were  inftituted  with  all  the  accu- 
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racy  and  fidelity  that  circumftances  would  per- 
mit, fhall  not  be  difpleafing  to  thofe  who,  with 
me,  ferioufly  feek  for  truth.  Of  others,  I nei- 
ther defire  the  praife,  nor  fear  the  cenfure.  1 
fhall  not  be  furprifed  if  it  fhall  appear  that  I 
have  committed  miftakes  ; but  I wifh  they  may 
be  corrected  as  foon  as  poffible.  I myfelf  will 
add,  to  the  following  volumes,  whatever  correc- 
tions or  additions  more  accurate  obfervation 
fhall  fuggeft  to  me.  Thofe  who  fhall  attempt 
to  obfcure  what  is  true,  will  find  to  their  dif- 
grace,  that  it  will  fhine  with  greater  luftre. 
Some  things  which,  in  one  place,  are  barely 
mentioned,  without  any  proofs  being  adduced, 
are  fully  proved  elfewhere  ; for  I have  been 
anxious  to  advance  nothing  rafhly.  I therefore 
intreat  thofe  who  fhall  examine  my  aflertions, 
not  to  rejeft  them  haftily,  but  to  confider  the 
foundation  on  which  they  reft. 
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ABOUT  the  year  1770,  I communicated  my 
ideas  concerning  the  nature  and  proper- 
ties of  that  elaltic  fluid,  which,  under  the  title  of 
Fixed  Air,  exercifes  the  fagacity  and  induftry 
of  the  philofophers  and  chy  milts  of  the  prefent 
age,  to  my  foreign  correfpondents ; among  whom, 
it  is  fufhcient  to  name  the  celebrated  Dr  Prieftly, 
Who  not  only  mentions  my  opinion  in  the  Philo- 
fophical  Tranfactions  for  the  year  1772,  but,  in 
a new  edition  of  his  excellent  Obfervations  on 
Air,  has  confirmed  it  by  feveral  fine  experiments. 
The  Royal  Academy  of  Sciences  at  Stockholm 
have,  it  is  true,  inferted  m their  Tranfactions  for 
the  year  1 773,  a thort  treatife  of  mine  upon  that 
fubjeft.  However,  as  the  doctrine  contained  in  it 
dtferves  the  rnoft  accurate  examination  and  the 
molt  minute  and  attentive  eonfideration,  I here  re- 

publilh  it,  confirmed  by  experiments  and  obler- 
vations. 


Yol.  I. 
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§ i.  IVhat  is  to  be  underflood  by  the  term 
“ Fixed  Airy 

For  the  purpofe  of  avoiding  ambiguity,  it  is  ne- 
. ceffary  to  begin  by  explaining  certain  terms.  The 
term  Fixed  Air”  has  been  ufed  in  two  accepta- 
tions, one  more  extenfive,  the  other  more  limit- 
ed ; in  the  former  it  is  taken  for  every  elaftic 
fluid  fet  at  liberty  during  the  decompofition  of 
bodies,  by  whatever  means  it  is  extricated,  and 
whatever  be  its  nature.  Thefe  fluids,  however, 
are  far  from  being  all  of  the  fame  kind  ; for  fome 
are  very  fufceptible  of  inflammation,  others  in- 
flantly  extinguifh  fire.  The  reft  differ  not  a little 
from  each  other ; but  all  agree  in  this,  that  al- 
though very  like  to  common  air  in  many  proper- 
ties, yet  they  appear  to  have  exifted  as  it  were 
fixed  in  bodies,  and  deprived  of  their  elafticity, 
which  they  do  not  recover  until  the  inftant  of 
their  extrication  : hence  they  have  generally  been 
diftinguifhed  from  common  air  by  the  epithet 
fixed.  If  this  denomination  muft  be  retained,  I 
do  not  deny  but  that  the  general  fignifi'eation  a- 
bove  explained  agrees  perfectly  well  with  it ; but 
the  other  more  reftriCted  fenfe  has  for  fome  time 
obtained ; and  as  it  is  in  general  ufe,  I am  under 
the  neceffity  of  adopting  it  in  the  following  Trea- 
tife,  denoting  by  it  only  that  fpecies  of  air  which 
is  found  in  alkaline  earths  and  falts,  extricable  by 
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fire  or  acids,  and  which  iflues  in  great  quanti- 
ties from  many  vegetables  during  fermentation. 
This,  when  properly  depurated,  pofleffes  always 
the  fame  qualities,  and,  as  it  evidently  exhibits 
the  properties  of  an  acid,  I call  it  (conformably  to 
its  nature)  the  Aerial  or  Atmofphaeric  Acid,  the 
reafon  of  which  denomination  will  hereafter  ap- 
pear, particularly  in  § xxn.  and  xxm. 

That  fpecies  of  air  which  fuddenly  deftroys  ani- 
mals, and  is  entirely  unfit  for  refpiration,  is  call- 
ed Mephitic  Air,  fuch  as  is  found  in  the  cavern 
near  Naples,  called  Grotto  del  Cane,  and  in  ma- 
ny others.  This  pernicious  quality  is  common  to 
moft  elaftic  fluids  which  have  been  fixed  in  bo- 
dies ; fo  that  this  denomination  is  nearly  the  fame 
with  that  of  Fixed  Air , taken  in  the  more  exten- 
five  fenfe. 

§n.  How  pure  Fixed  Air  is  procured. 

There  are  three  different  methods  of  obtaining 
fixed  air  : — It  may  be  expelled  with  effervefcence 
by  a ftronger  acid  { a );  it  may  be  expelled  by  a 
fufficient  degree  of  heat ; or,  finally,  it  may  be  ex- 
tricated by  fermentation.  We  Ihall  deferibe  all 
thefe  methods  in  order. 

(a)  The  author  in  this  place  confiders  fixed  air  as  an 
acid,  which  may  be  expelled  from  the  fub (lances  with 
which  it  is  united,  by  means  ot  a ftronger  acid  ; and  this 
extrication  of  fixed  air  is  attended  with  an  effervef- 
cence. C. 
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To  the  orifice  a (PL  i.  fig.  2.)  of  a glafs  phial 
a b,  let  there  be  cemented,  fo  that  no  air  can 
efcape,  the  crooked  glafs  tube  efg;  let  the  vef- 
fel  be  nearly  half  filled  with  diftilled  water  ; let 
there  be  added  pellucid  calcareous  fpar,  coarfely 
powdered,  until  it  almofl:  rifes  to  the  furface  of  the 
water  c d,  through  the  funnel  o,  cemented  to 
the  orifice  l,  and  irnperfettly  clofed  by  the  glafs 
rod  p ; let  concentrated  vitriolic  acid  fall  in  drop 
by  drop  ; upon  which  innumerable  bubbles  will 
inftantly  arife  from  the  calcareous  particles : in  the 
mean  time  let  the  orifice  g of  the  tube  remain 
open,  until  the  atmofphaeric  air  contained  in  the 
upper  part  of  the  bottle,  and  in  the  tube,  be  en- 
tirely expelled  by  the  more  ponderous  fluid  dis- 
charged (§  xxiv.);  let  the  orifice  g then  be  in- 
troduced under  the  mouth  of  the  veflel  h g,  filled 
with  water,  and  inverted  with  its  mouth  beneath 
the  furface  of  the  water  in  the  veflel  m n . 

This  being  done,  numerous  bubbles  will  rife 
into  the  veflel  h i,  which  colle&ing  above,  by  de- 
grees force  out  the  water.  When  the  water  is 
entirely  forced  out  from  the  veflel  h g,  the  extre- 
mity of  the  tube  is  to  be  removed,  the  bottle  clofe 
flopped  under  water  (/>),  and  the  air  conveyed 

(£)  The  defign  of  palling  the  elaftic  fluid  from  one  veflel 
to  another,  is  merely  to  free  it  from  vitriolic  acid,  whofe 
attraction  for  water  is  fo  great,  that,  during  its  paflage,  ic 
quits  the  fixed  air,  and  unites  with  the  water.  C. 
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from  it  into  another  vefiel  q,r,  of  a fize  fomewhat 
fmaller  : a3  a portion  of  the  air  is  abforbed  in  its 
paflage  through  the  water,  the  aerial  acid  thus  col- 
lected in  q,  r,  will  certainly  be  found  pure,  unleis, 
perhaps,  mixed  with  a ftnall  portion  of  atmofphasric 
air,  which  can  fcarcely  have  been  completely  ex- 
pelled by  the  fluid  extricated  during  the  effervef- 
cence.  If  the  vapour  thould  contain  any  vitriolic 
acid,  this  laft  will  certainly  remain  in  the  water,  at 
lead  after  the  fecond  palfage  through  it. 

If,  in  place  of  the  vitriolic,  the  nitrous,  muria- 
tic, or  any  other  acid  (fo  diluted  as  not  to  fmoak 
(c)  ) be  applied  with  proper  care,  the  very  fame 
kind  of  air  is  produced,  the  ftrength  ^nd  quantity 
of  the  acid  mud  be  fo  regulated,  that  fcarcely  any 
heat  {hall  be  generated.  I avoid  making  ufe  of 
chalk,  as  it  almod  always  contains  marine  a- 
cid  (d). 

v/  SECOND 

(c)  If  the  fmoaking,  nitrous,  or  marine  acid,  be  em- 
ployed, it  is  obvious,  that  thefe  acids,  being  in  this  date 
extremely  volatile,  will  rife,  in  part,  along  with  the  fixed 
air,  which  confequently  will  not  be  pure.  The  caution  a- 
gainft  heat  is  founded  on  the  fame  principle.  C. 

( d ) If  chalk  containing  marine  acid  be  employed,  the 
heat  which  vitriolic  acid  generates  on  mixture  with  water, 
will  volatilize  the  marine  acid,  and  confequently  render  the 
fixed  air  impure.  C. 

Mr  Morveau  having  let  fall  a few  drops  of  a folution  of 
fiber  and  mercury  in  the  nitrous  acid  into  diddled  water  in 
which  chalk  had  been  boiled,  obferved,  that  the  former  fo- 
lution indantly  clouded  the  water  ; and  that  by  the  latter  a 
ftnall  quantity  of  yellow  precipitate  was  produced.  I have 
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SECOND  METHOD. 

Let  a retort  of  green  glafs,  not  above  one  inch 
in  diameter,  be  provided,  with  a very  flender 
neck  ; let  the  body  of  the  retort  be  filled  with 
magnefia  alba,  and  placed  in  a crucible  furround- 
ed  with  gypfum,  and  the  whole  apparatus  be  fet 
in  a portable  furnace  contiguous  to  its  fide,  fo 

that  the  neck  fliall  not  be  expofed  to  the  fire ; let 

* 

a glafs  tube  be  luted  to  the  neck  of  the  retort  very 


repeated  the  experiment,  with  the  fame  refult,  upon  one 
fpecimen  of  chalk  ; but  having  boiled  another  in  diftilled 
water,  I found  that  neither  folution  of  filver  nor  the  acid 
of  fugar  deftroyed  the  tranfparency  of  the  water.  Mr  Du- 
hamel  has  long  iince  remarked,  that  “ during  the  combina- 
“ tion  of  quick-lime  with  the  mineral  acids,  a quick  and 
“ penetrating  vapour  is  difcharged,  which  precipitates  the 
“ folution  of  filver.  This  circumftance,  added  to  its  o- 
“ dour,  led  him  to  fufpeft  that  it  was  the  marine  acid.” 

See  Lavoifier’s  Elfays. In  order  to  bring  this  fufpicion 

of  Mr  Duhamel  to  the  tell  of  experiment,  I boiled  fome 
quick-lime  in  water  ; and  having  precipitated  the  dilfolved 
earth  by  means  of  fixed  air,  I filtered  the  water,  and  add- 
ed folution  of  filver  and  acid  of  fugar,  but  the  liquor  was 
not  rendered  turbid  by  either  of  thefe  tells.  It  is  natural 
to  fuppofe,  that  the  marine  acid  generally  contained  in  cal- 
careous earth  would  be  volatilized  by  calcination.  That 
which  I employed  had  been  well  burned  : perhaps  Mr 
Duhamel’s  had  not.  If,  therefore,  this  fuppofition  be  ad- 
miffible,  his  obfervation  will  coincide  with  that  of  Profelfor 
Bergman.  13, 
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clofely,  (To  as  not  to  give  exit  to  the  elaflic  fluid), 
and  fo  bended,  that  the  aperture  of  the  veffel  h i, 
inverted  in  water,  may  be  hung  over  the  extremi- 
ty g ; let  the  crucible  then  be  made  red  hot,  and 
fuffer  the  air  bubbles  to  fly  off  until  the  common 
air  is  diflipated ; then  let  the  air  which  afterwards 
comes  over  be  colle&ed  in  the  veffel  h i,  as  in  the 
former  method. 

I make  ufe  of  a fmall  retort,  both  that  the  mafs 
contained  may  eaflly  acquire  a due  degree  of  heat, 
and  that  the  quantity  of  common  air  lodged  in  its 
neck  and  the  tube  may  be  fmall  : I chufe  a glafs 
veffel,  as  thofe  made  of  earth  have  often  difap- 
pointed  me,  by  giving  paffage  to  the  elaflic  fluid 
through  chinks  fo  fmall  as  not  always  to  be  difco- 
vered  by  the  eye.  Magnefia,  when  fcarcely  igni- 
ted, emits  its  fixed  air  with  eafe  ; whereas  calca- 
reous earth  retains  it  with  much  greater  obftinacy; 
fo  that  if  the  latter  be  employed,  a much  more 
vehement  fire  is  neceffary  : I furround  the  body 
of  the  retort  with  gypfum,  that  it  may  not  flow  by 
the  violence  of  the  heat,  jbut,  on  the  contrary,  grow 
more  refra&ory  by  the  cementation,  and  acquire 
the  properties  of  Reaumur’s  porcelain. 


THIRD  METHOD. 

1 his  method  differs  from  the  two  former  ; for 
here  the  elaflic  fluid  is  produced  by  fermentation. 
It  is  nearly  immaterial  what  fermenting  mixture 
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we  employ ; but  I generally  make  ufe  of  the  fob 
lowing  : — 

In  a bottle,  of  which  the  capacity  is  350  cubic 
inches,  I mix  20  oz.  of  fugar,  and  as  much  of 
good  yeaft,  with  200  cubic  inches  of  water  ; in  fix 
or  feven  hours,  and  in  about  1 50  (V)  of  heat,  the 
common  air  is  generally  expelled;  I then  adapt 
the  orifice  c of  the  crooked  tube  to  the  mouth  of 
the  bottle  hi,  and  bubbles  immediately  rife.  The 
fermentation  goes  on  equally  well,  if  the  tube  be 
at  firfl  adapted  to  the  neck  of  the  bottle,  the  ac- 
cefs  of  air  not  being  neceflary  ; it  is  fufficient  that 
an  exit  be  allowed  to  the  elaflic  fluid,  as  I have 
often  experienced. 

It  is  neceflary  to  take  care,  in  this  as  well  as 
the  former  methods,  that  the  tube  efg  be  not 
too  long,  as  the  difficulty  of  the  procefs  increafes, 
in  proportion  to  the  quantity  of  air  to  be  remo- 
ved : let  us  fuppofe  this  refiftance  = r,  and  the 
elaflic  force  of  the  fluid  generated  at  one  time 
•—  £5  it  is  manjfeft,  that  if  r = e there  will  be  no 
room  for  expanfion,  and  confequently  no  difen- 
gagement  can  be  effected,  either  by  effervefcence, 
by  fire,  or  fermentation,  as  the  following  experi- 
ment may  ferve  to  fliew  : — 

( e ) In  the  Swedilh  thermometer,  the  fpace  between 
the  freezing  point  and  the  heat  of  boiling  water  is  divided 
into  100  deg. ; fo  that  10  of  thefe  degrees  are  equal  to 
18  of  Fahrenheit’s  fcale.  Wherpfore,  150  27,  and 

?7  + 32  = 59-  B. 


Prepare 


OF  THE  AERIAL  ACID.  9 

Prepare  a ftrong  bottle,  nearly  fall  of  water,  to 
which  let  chalk  or  cryftallized  alkali  be  added  ; 
let  it  then  be  filled  with  any  acid,  and  quickly 
and  clofely  flopped  : at  firft,  indeed,  a few 

bubbles  appear,  but  this  appearance  foon  ceafes, 
and  the  mixture  remains  clear,  even  for  years, 
provided  no  exit  is  allowed  to  the  elaftic  fluid, 
and  fuch  a portion  (/)  only  be  faturated,  that 
the  water  can  take  up  its  fixed  air  ; but  the  very 
fmalleft  aperture  immediately  excites  a moft  vio- 
lent effervefcence. 

The  air  which  is  collected  by  the  fecond  and 
third  methods  may,  like  that  got  by  the  firft,  be 
waftied  (£-) ; and  by  whichever  of  thefe  methods 
(though  fo  very  different)  it  is  obtained,  it  exhi- 
bits exactly  the  fame  properties. 

§ iii.  General  Properties  of  Jcids. 

Saline  fubftances  are  ufually  diftinguifhed  from 
others  by  their  fapidity,  and  folubility  in  water. 
Thofe  which  are  fpecifically  called  acids,  exhibit 


(/)  If  fo  large  a portion  of  the  chalk  or  alkali  he  fa- 
turated,  before  the  vefTel  is  clofed,  that  the  water  is  not 
able  to  abforb  the  elaftic  fluid  extricated  by  the  fatura- 
tion  the  veftel  will  burft.  It  is  neceffary  therefore  to 
dofc  ft,  vdfel  very  fuddenly,  or  the  experiment  will  not 


(-?)  p'y  pafling  it  through  water  from 
another.  C. 
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very  diftinft  chara&ers,  peculiar  to  themfelves, 
which  are  now  to  be  enumerated ; of  thefe  the 
i ft,  6th.  and  8th,  are  common  to  other  faline 
bodies,  but  in  a mode  and  degree  very  different. 

i ft,  They  very  readily  unite  with  water ; 2d, 
They  have  an  acid  tafte  ; 3d,  They  change  the 
blue  juices  of  vegetables  to  red  ; 4th,  They  have 
a very  ftrong  affinity  with  alkaline  falts,  and  form 
with  them  compounds  milder  than  either  of  the 
condiment  parts,  which  are  frequently  difpofed 
to  cryftallize;  5th,  They  diffolve  feveral  earths; 
and  alfo,  6th,  Some  metals  ; 7th,  They  precipitate 
fubltances  diffolved  in  alkalis  ; and  8th,  They  fre- 
quently attract  inflammable  matters  ftrongty. 

If,  then,  every  one  of  thefe  properties  be  found 
to  belong  to  pure  fixed  air,  properly  colledfed  and 
depurated,  I hope  its  acidity  will  no  longer  be 
called  in  queftion.  We  fhall  therefore  examine 
all  thefe  circumftances  in  order. 

§ iv.  derated  Water. 

Let  the  bottle  q r,  filled  with  the  pure  elaftic 
fluid  (§  11.)  in  a place  where  the  thermometer 
ftands  but  a little  above  the  freezing  point,  be 
fet  in  a veffel  of  water,  with  its  mouth  depreffed, 
by  means  of  weights,  almoft  to  the  bottom  of  the 
veffel,  that  the  union  may  be  accelerated  by  the 
preffure  ; and  the  water  will  be  found  to  rife  by 
degrees,  fo  that  at  the  end  of  8,  10,  12,  or  more 

hours. 
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hours,  according  to  the  fize  of  the  bottle,  it  will 
be  filled  with  water,  for  the  union  will  have  com- 
pletely deprived  the  fixed  air  of  its  elafticity . If 
after  that  a portion  of  the  elaftic  fluid  be  introdu- 
ced into  the  bottle,  the  water  will  rife  but  little, 
or  none  at  all.  In  an  heat  of  about  5°  (/z)  wa- 
ter will  abforb  a quantity  of  fixed  air,  fomewhat 
more  than  equal  to  itfelf  in  bulk;  in  ioc  (/)  a 
quantity  fcarcely  equal ; and  in  temperatures  ftill 
warmer  it  abforbs  a quantity  fo  much  the  lefs,  as 
the  mercury  Hands  the  higher.  The  quantity  ne- 
cellary  to  faturation  can  hardly  be  determined 
with  perfect  accuracy,  as  the  water,  becoming 
heavier  when  faturated  with  the  elaftic  fluid,  finks 
by  degrees  to  the  bottom,  and  leaves  the  fpace  it 
before  occupied  to  the  lighter  wafer,  as  would 
happen  to  any  other  faline  folution. 

This  union  may  be  effe&ed,  and  that  even  in 
a few  minutes,  by  other  methods ; for  inftance, 
if  by  agitation  we  encreafe  the  number  of  points 
of  contaft. — But  of  this  I treat  more  at  large  elfe- 
where  (£),  therefore  have  here  only  mentioned 
the  molt  fimple  method. 

dhe  fpecific  gravity  of  aerated  water  (to  make 
ufe  of  a new  expreflion)  I found  to  be  to  that  of 
diftilled  water,  nearly  as  10,015  to  10,000,  the 
thermometer  Handing  at  20  (/). 

(h)  41 0 of  F.  B.  (/)  500  of  F.  B. 

(^)  Vid.  Analyfis  Aquarum. 

(0  35°  or  36°  of  F.  B. 

Water, 
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Water,  therefore,  and  that  fubtile  vapour  of 
which  we  are  treating,  readily  unite ; but  as  the 
latter  is  very  volatile,  a great  part  of  it  flies  off  in 
the  open  air,  and  the  quicker  in  proportion  to  the 
heat  of  the  mafs ; in  the  mean  time,  as  it  dimi- 
niflies,  the  remainder  is  retained  more  obflinate- 
ty  > that  boiling  for  half  an  hour  is  neceflary, 
to  difcharge  the  whole.  Congelation  fcparates  it 
readily  and  completely. 

The  air-pump,  it  is  true,  extra&s  bubbles  from 
equal  quantities  of  plain  water  and  of  aerated  wa- 
ter, but  a confiderable  difference  is  obferved  ; for 
when  a portion  of  the  aerial  acid  is  thus  difchar- 
ged,  it  may  be  eafily  difcovered  by  the  tafte,  the 
water  being  found  to  have  a vapid,  lefs  acidulous, 

and  lefs  pungent  flavour. 

\ 

§ v.  Fixed  Air  has  an  acid  Tajie . 

As  this  air  is  in  form  of  an  elaftic  vapour,  it 
can  hardly  be  tailed  by  itfelf,  at  lead  diftin&Iy; 
but  if  it  be  united  with  water,  which  is  in  itfelf 
void  of  flavour,  being  accumulated  and  rendered 
lefs  volatile  by  this  union,  it  readily  afl'e&s  the 
tongue  with  a weak  but  agreeable  acidity.  This 
is  the  real  fpirit  of  the  cold  mineral  waters,  which 
undoubtedly  occafioned  them  to  be  called  acidu- 
lous ; and  by  means  of  which,  together  with  a 
due  proportion  of  luff  able  falts,  we  may  perfectly 
imitate  the  Seltzer,  Spa,  and  Pyrmont  waters. 

SucJ\ 
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Such  artificial  waters,  I have  now  been  ufing  for 
eight  years  with  fignal  advantage. 

It  is  very  remarkable,  that  water  fo  cold  as  on- 
ly to  exceed  the  freezing  point  by  a few  degrees, 
though  faturated  with  fixed  air,  gives  out  fcarce 
any  fenfible  flavour,  but  if  fet  for  a quarter  or 
half  an  hour  in  150  or  20°  (rri),  it  by  degrees  e- 
volves  its  pungent  and  grateful  acidity : nor  is  it 
difficult  to  account  for  this  phenomenon,  as  it  is 
fufficiently  illuftrated  by  the  known  properties  of 
neutral  falts,  the  more  clofely  the  two  principles 
cohere,  the  lefs  fapid  is  the  compound;  on  the 
contrary,  the  loofer  their  connexion,  the  more 
fenfible  is  the  effect  of  the  compound  on  the 
tongue : now  in  this  cafe,  as  cold  ftrengthens  the 
union  of  the  water  with  the  air,  and  heat  tends  to 
loofen  it,  from  thence  the  explanation  of  the  phe- 
nomenon is  eafily  derived. 


But  alkaline  falls  not  only  very  quickly  deftroy 
the  pungent  flavour,  but  even  make  the  water 
totally  vapid,  which  it  is  not  difficult  to  account 
for : tf  any  portion  of  them  be  cauflic,  that  is 
not  faturated  with  fixed  air,  (5  vti.)  their  produ- 
cing  the  fame  dfeS,  though  in  a (lighter  decree 
even  when  they  are  fully  faturated  with  air,  fee  ms 
to  indicate  that  they  attraft  fixed  air  more  power- 
fully than  water  does,  and  have  even  the  proper- 
ty of  accumulating  it,  fo  as  to  he  fuperfaturated  • 
particularly  as  a few  drops  of  the  mineral  acids  k- 

Ov)  and  20°  = 68®  of  F.  B, 

ftore 
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ftore  the  flavour  of  the  water,  by  attacking  the 
alkaline  falts,  and  expelling  the  elaftic  fluid,  which 
is  therefore  again  abforbed  by  the  furrounding 
water  («). 

§ v i . Fixed  Air  adds  like  a weak  Acid. 

The  acid  nature  of  fixed  air  is  difcoverable  by 
other  figns  befides  its  tafte.  If  the  water  in  the 

bottle 

(/;)  “ This  accumulation  of  gas  in  aerated  alkali,”  ob- 
ferves  Mr  Morveau,.  “ does  not  coincide  with  the  laws  of 
the  cryftallization  of  neutral  ialts  : perhaps  it  would  be 
better  to  fay,  that  the  union  of  the  water  and  the  fait 
loofens  the  combination  of  the  latter  with  the  fixed  air. 
There  is  at  lead  no  proof  that  the  reftoration  of  the  fa- 
vour, on  the  addition  of  the  acid,  is  not  folely  owing  to 
the  fixed  air,  which  was  a conftituent  part  of  the  aerated 
alkali,  and  is  thus  difengaged,  according  to  Mr  Venel’s 
method.”  The  law  to  which  Mr  M.  alludes  is  not  with- 
out exception.  Cream  of  tartar  and  tartarus  tartarifatus, 
calomel,  and  corrofive  fublimate,  volatile  vitriolic  acid, 
and  fulphur,  are  fuch  obvious  inftances  of  the  union  of  the 
fame  principles  in  different  proportions,  as  fiiould  have 
made  him  more  cautious  of  pronouncing  on  the  improba- 
bility of  a fuperabundant  portion  of  fixed  air  combining 
with  alkali.  On  this  occafion  it  may  not  be  impertinent 
to  remark,  after  an  ingenious  teacher  of  chymiftry,  that 
there  prevails  very  generally  an  inaccurate  and  unphilofo- 
phical  way  of  conceiving  and  expreffing  fuch  combinations 
as  are  mentioned  above.  Two  bodies  can  hardly  be  imagi- 
ned to  combine  in  more  than  one  certain  proportion. 
How,  then,  it  will  be  allied,  are  wc  to  explain  thefe  in- 
ftances ? 
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bottle  q.  r be  tinged  with  turnfole  to  a perfect 
blue,  when  fixed  air  fufficient  to  fill  about  the  -Aj- 
of  the  veflel  has  paffed  through  it,  it  will  be  mani- 
feftly  red : a faturated  tinfture  of  turnfole  is  or- 
dinarily of  a violet  colour,  but  when  fufficiently 
diluted  lofes  all  the  reddifh  tinge,  and  in  that 
Rate  therefore  it  is  particularly  proper  for  this 
purpofe. 

In  like  manner,  one  part  of  water  faturated 
with  fixed  air,  makes  50  parts  of  the  above  tinc- 
ture diflinclly  red. 

1 his  change  of  colour,  however,  occafioned 
by  the  fixed  air,  foon  difappears  in  an  open  veflel, 
particularly  if  it  be  expoled  to  heat,  or  the  rays 
of  the  fun  ; a circumftance  which  indicates  the 
volatile  nature  of  the  acid  that  produces  the 
change:  a fmall  portion  of  mineral  acid,  it  is 
true,  feems  to  yield  a fugitive  red,  but  when  ac- 
curately examined,  a fallacy  appears,  for  the  wa- 
ter abounds  with  the  alkaline  materials  with  which 
the  turnfole  juice  has  been  prepared  ; thefe  feize 
the  mineral  acid  as  foon  as  it  is  added,  and  give 
out  their  fixed  air  to  the  furrounding  liqSor, 


fiances  ?— By  fuppofing  that  a compound  becomes  in  this 
refpeft  an  clement,  and  unites  with  one  of  its  conftituent 
parts,  in  order  to  form  a new  compound.  Thus  corrofive 
fubhmate,  which  is  itfelf  formed  by  the  union  of  mercury 
an  another  fait,  unites  with  mercury  to  compofe  calomel, 
in  the  fame  way  we  are  to  conceive  of  the  combinations  of 
i-o  ic  acid  and  phlogifton,  and  of  many  others.  B. 

hence 
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hence  a rednefs  is  obferved,  which  vaniffieS 
when  this  air  is  evaporated. — Let  us  now  fup- 
pofe  that  the  alkali  contained  in  the  liquor 
requires  m parts  of  mineral  acid  for  fatura- 
tion,  hence  Parts  maY  t>e  ten  times  added  be- 
fore the  faturation  is  complete,  and  fo  often  a fu- 
gitive rednefs  will  be  produced  ; but  after  the  fa- 
turation is  completed,  what  is  added  will  either  at 
once  produce  a permanent  red,  or  gradually 
change  the  blue  to  red  ; here  then,  it  is  obvious 
that  the  fugitive  red  colour  is  not  to  be  attributed 
to  the  mineral  acid,  but  to  the  fixed  air. 

Syrup  of  violets,  and  fuch  other  blue  vegetable 
juices  as  I have  hitherto  tried,  are  not  reddened  by 
fixed  air;  the  tin&ure  of  turnfole  is  of  all  known 
tinctures  mofl  eafily  a£ted  upon  by  acids,  there- 
fore the  flighted  vefliges,  which  cannot  by  any 
other  means  be  difcovered,  are  by  this  tincture 
eafily  dete&ed.  Befides,  all  acids  have  by  no 
means  equal  drength  and  efficacy  : diflilled  vine- 
gar makes  fyrup  of  violets  red,  yet  is  not  power- 
ful enough  to  caufe  any  alteration  In  the  colour 
of  the  blue  paper  which  is  ufed  to  cover  fugar- 
loaves ; and  the  colour  of  indigo  does  not  yield 
even  to  the  mod  concentrated  vitriolic  acid. 
Hence,  though  the  aerial  acid  alters  only  tinfture 
of  turnfole,  no  concludon  is  to  be  deduced  from 
this  circumdance  againd  its  acidity,  all  we  can 
infer  is,  that  it  is  weaker  than  the  red ; on  the 
contrary,  we  are  confirmed  in  the  opinion  that  its 
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acid  properties  do  not  depend  upon  an  extraneous 
acid ; for  if  that  were  the  cafe,  this  extraneous 
acid  might  be  fo  accumulated  as  to  overcome  the 
more  permanent  blue  colours. 

It  is  alfo  obfervable*  that  aerated  water,  free 
from  every  other  acid,  fcarcely  makes  any  change 
in  the  colour  of  paper  tinged  with  turnfole,  ab 
though  it  makes  the  tindure  diftindly  red  ; the 
reafon  is,  partly  becaufe  a fufficient  quantity  of 
this  fubtile  acid  cannot  come  at  once  in  contad 
with  the  plane  furface,  and  partly  becaufe  the  acid 
is  in  the  former  cafe  at  liberty  to  follow  its  natu- 
ral tendency  to  volatilization  (o). 

§ Vti.  Aerated  vegetable  Alkali. 


Let  the  mouth  of  the  veffel  q.  r,  filled  with  fix- 
ed air,  be  immerfed  under  the  furface  of  water 
nearly  faturated  with  pure  alkali  of  tartar,  and 
the  lixivium  will  gradually  rife  in  the  veffel ; when 
it  is  at  length  faturated  with  the  elaftir  fl„id  w 


-ic  mriace  of  the 


eing  dhffufed  over  the  paper,  pre- 
face to  the  contaft  of  air,  and  is 


> being  mixed  with- 


paper,  pre- 


evaporation.  C. 

"Vol.  i. 


water  is  the  only  furface  of 


the 
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the  veffcl ; fuch  of  thefe  cryftals  as  are  regular 
appear  to  be  quadrangular  prifins,  the  apices 
confiding  of  two  triangular  planes,  inclined  to 
each  other,  fomewhat  like  the  roof  of  an  houfe 
( p).  The  faturation  of  the  ley  may  be  colle&ed 
from  its  not  imbibing  any  more  fixed  air.  If  the 
water  contains  too  much  alkaline  fait,  cryftals 
will  be  produced  even  in  the  bottle.  The  fame 
alkali,  diffolved  in  water,  previoufly  faturated  with 
air,  produces  by  cryftallization  fimilar  figures; 
thefe  cryftals  neither  deliquefee  in  moift  air,  nor 
efflorefee  in  dry,  but  always  retain  their  tranfpa- 
rency  : they  may  not  improperly  be  called  aerated 
vegetable  alkali,  as  thofe  falts  which  are  faturated 
with  vitriolic  acid  are  diftinguiflied  by  the  term 
vitriolated , joined  to  the  name  of  that  bafe  with 
•which  the  acid  is  united. — All  fubftances  faturated 
with  fixed  air  I (hall  call  hereafter,  for  brevity 
fake,  cu  rated , thereby  indicating  that  they  con- 
tain that  acid  which  is  always  prelent  in  common 
air  (§  xxn.  xxi ii). 

Thefe  cryftals,  in  a moderate  temperature,  re- 
quire for  folution  four  times  their  quantity  of  wa- 
ter. On  calcination  they  fall  to  powder,  and  lofe 
of  their  weight,  but  by  a flow  diflblution  in 
acids  they  lofe  -jVo  only ; hence  it  appears  that  in 

(/>)  As  two  of  the  faces  are  much  larger  than  the 
others,  it  would  be  as  exaft  to  define  them  parallelopipcds, 
of  which  the  oppofite  fides  have  parallel  inclinations.  Mer- 
veau. 

109 
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ioo  parts  of  thefe  falts,  there  are  32  of  water, 
>10  of  fixed  air,  and  48  of  pure  alkali  (q)  ; hence 
it  alfo  appears  that  1 00  parts  of  pure  vegetable  al- 
kali require  nearly  42  of  fixed  air  to  faturate  them. 
Complete  calcination  expels  both  the  fixed  air  and 
the  water,  whereas  the  acids,  if  properly  applied 
(§viii.),  expel  the  former  only.  However,  in 
the  prefent  cafe,  it  is  fcarcely  poflible  to  expel  all 
the  fixed  air  by  means  of  fire,  unlefs  by  an  ex- 
ceedingly tedious  and  troublefome  calcination. 
The  principle  on  which  the  corrofive  quality  of  al- 
kaline falts  depends  will  be  explained  in  § xi. 

The  effervefcence  which  thefe  falts  raife  with 
acids,  depends  upon  expulfion  of  the  panicles  of 
fixed  air  by  the  fuperior  power  of  the  ftronger 
acid,  and  upon  the  recovery,  at  the  fame  inftant, 
of  their  elafticity,  which  had  been  either  loft  or 
repreffed ; they  muft  therefore  rife  to  the  top  by 
their  fpecific  levity,  and  occafion  a foam  on  the 
furface. 

The  tafte  of  the  cryftals  is  indeed  alkaline,  but 
mild,  and  not  at  all  acrid ; if,  however,  by  means 
of  calcination,  or,  which  is  better,  by  means  of 
quick-lime,  they  be  entirely  deprived  of  fixed  air, 
they  are  converted  into  a fait  highly  acrid  and  cor- 
rofive, which  is  therefore  commonly  called  cau* 
flic,  and  very  readily  deliquiates  in  the  open  air  j 
the  reafon  is,  that  it  is  now  left  to  itfelf,  and  can 

(?)  For  48  : 20=  100  : 41^,  or  42  nearly.  C. 

B 2 


fully 


20  OF  THE  AERIAL  ACID. 

fully  exercife  its  natural  acrimony,  which  had 
been  reprefTed  and  weakened  by  the  union  of  fix- 
ed air.  The  fame  phenomenon  takes  place  with 
the  ftrongeft  acids,  which  being  faturated  with 
an  alkaline  or  earthy  bafis,  yield  mild  compound 
falts.  Thofe  who  attribute  caufticity  to  phlogi- 
fton feem  to  have  forgotten  that  by  means  of 
that  fubftance  the  mod  highly  concentrated  vitrio- 
lic acid  becomes  a fulphur,  totally  void  of  acri- 
mony ; that  by  means  of  the  lame,  the  acids 
of  vitriol  and  nitre  are  fo  weakened  that  they 
may  be  expelled  by  concentrated  vinegar ; and 
finally,  that  all  acids  are  dulcified  by  fpirit  of 
wine  O). 

The 


(r)  “ I am  fenfible  of  all  the  force  of  thefe  objections ; 
yet  I will  obferve,  Firft,  That  the  vitriolic  acid  does  not 
exifl  entire  in  fulphur,  any  more  than  the  nitrous  acid  in  ni- 
trous  air,  or  the  phofphoric  acid  in  phofphorus ; that  thefe 
acids  do  not  combine  with  phlogifton  till  they  have  loft  their 
air ; and  that  they  cannot  refume  their  acidity  till  they 
have  recovered  their  air,  which  is  a conftituent  principle 
of  that  ftate. 

« On  the  other  hand,  it  is  no  lefs  evident,  that  a fubftance 
can  yield  thofe  principles  only  which  it  contains  : now  the 
cauftic  alkalis  evidently  impart  phlogifton  to  the  precipi- 
tates of  metallic  folutions ; and  hence  I have  delivered  it 
as  my  opinion,  that  alkalis  and  calcinable  earths  ought  to 
’ be  placed  among  thofe  fubftances,  perhaps  more  common 
than  is  generally  fuppofed,  which  cannot  be  difengaged 
from  all  combination,  and  which  do  not  lofe  one  compo- 
part,  but  by  the  interpofition  of  another  principle 
1 that 


nent 
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The  cauftic  alkali,  when  pure,  (by  which  I un- 
derhand, deprived  of  its  water,  and  particularly 
of  its  fixed  air),  if  expofed  to  the  atmofphere,  at- 
tracts from  thence  moifture  in  fuch  quantity  as  to 
be  dilTolved ; and  hence  it  is  called  oil  of  tartar 
per  deliquium.  This  again  is  gradually  faturated 
with  fixed  air  from  the  atmofphere,  in  confe-* 
quence  of  which  it  forms  cryftalline  vegetations 
on  the  fides  of  the  veffel. 

There  are  to  this  day  perfons  who  infill;  that  the 
vegetable  alkali  cannot  be  exhibited  in  form  of 
cryftals,  notwithftanding  that  Profeffor  Bohnius 
(j),  of  Leipfic,  fo  long  ago  as  the  end  of  the  laft 

that  continues  to  adhere  to  them.  (See  El.  de  Chemie. 
Dijon,  vol.  iii.  p.  247.).  It  will  be  feen  in  the  fequel  of 
this  diflertation,  that  the  author  himfelf  inclines  to  this 
opinion,  fince  he  admits  a portion  of  the  matter  of  heat  ia 
cauftic  earths  and  falts,  of  which  even  folution  in  water 
cannot  deprive  them.”  Morveau.—  I think  that  the  confi- 
derations  here  alledged  do  not  much  invalidate  the  author’s 
objeftions  to  that  opinion  which  attributes  caufticity  to 
phlogifton.  Caufticity  may  perhaps  be  defined — that  ten  • 
dency  to  combination  which  matter  in,  general  poflefles, 
exerted  on  the  living  and  fenfible  body.  Thus  the  caufti- 
city of  acids  feems  to  be  in  proportion  to  their  power  of 
combination,  and  that  of  neutral  falts  inverfely,  as  the  ad- 
hefion  of  the  acid  to  its  bafis.  But  I beg  leave  to  refer 
the  reader  to  the  article  “ Caufticity,”  in  the  new  edition 
of  Mr  Macquer’s  Di&ionary,  where  he  will  find  the  fub- 
jedt  difeufted  with  the  ufual  addrefs  of  that  elegant  and 
perfpicuous  writer.  B.  . 

(f)  See  Bohnius,  Difli  Phyfico  Chym.  ann,  1696,  p.  381. 
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century,  had  demonftrated  the  contrary ; but  his 
method  had  been  fo  long  unknown,  that  it  was 
lately  offered  to  the  public  as  a new  difcovery  (f). 

Although  the  vegetable  alkali  attracts  fixed  air 
yery  powerfully,  yet  it  is  difficult  to  obtain  a com- 
plete faturation  ; for  in  proportion  as  the  number 
of  cauftic  particles  is  diminifhed,  they  are  the 
more  widely  diffufed  through  the  fluid  mafs ; 
hence  it  follows  that  they  more  faintly  attract,  and 
more  difficultly  meet  with  the  elaftic  fluid,  a cir- 
cumftance  which  occurs  in  almofl  every  fatura- 
tion. During  cryftallization  fome  particles  ftilf 
remaining  cauftic,  fully  the  water  of  the  cryftals, 
as  is  feen  from  the  colour  of  the  precipitate  of 
corrofive  fubliinate  which  this  alkali  produces. 
Thus  pure  fixed  alkali  precipitates  a ferrugineous 
mercurial  calx,  but  when  fully  faturated  with 
fixed  air,  it  precipitates  a white  one.  The  vege- 
table alkali,  perfectly  cryflallized,  precipitates  a 
whitifh  calx,  fullied  with  yellow  particles ; where- 
as, if  thefe  cryftals  be  powdered,  and  expofed  to 
the  air  upon  bibulous  paper  for  lome  days,  they 
lofe  all  their  caufticity,  and  precipitate  fublimate 
in  form  of  a white  powder : this  white  colour  de- 
pends upon  fixed  air  adhering  to  the  mercurial 
calx.— xx t.  Mercury  diflolved  in  nitrous  acid 

Hence  we  may  fee  how  far  Mr  Lavoifier  is  mifti* 
ken,  when  he  aliens,  that  the  original  difcovery  of  the 
cryftallization  of  vegetable  alkali  belongs  to  Mr  Duhamel. 

produces 
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produces  different  appearances,  according  to  the 
different  methods  of  preparation : thus,  if  the  fo- 
lution  be  effected  in  the  cold,  and  with  diluted 
acid,  a confiderable  quantity  of  the  phlogifton  re- 
mains adherent ; whereas,  if  fire  be  employed,  a 
great  part  of  it  flies  oft  in  the  red  vapours  : now 
the  more  the  diflolved  mercury  is  impregnated 
with  phlogifton,  the  paler  is  the  precipitate  made 
by  fixed  alkali ; and  on  the  contrary,  the  lefs  it  is 
impregnated,  the  darker  is  the  red  colour  it  yields 
with  cauftic,  and  the  more  fullied  the  white  one 
with  aerated  alkali. 

I11  experiments  which  require  great  accuracy,  I 
make  ufe  of  alkali  prepared  from  burned  cream 
of  tartar,  as  this  is  generally  free  from  the  marine 
a,cid,  which,  as  well  as  the  vitriolic,  is  in  general 
mixed  with  falts  elixated  from  vegetable  allies, 
All  alkalis  effervefce  with  acids,  from  which  we 
may  in  fome  meafure  judge  of  their  general  na- 
ture ; for  the  moft  part  they  are  actually  faturated 
with  fixed  air,  that  very  fubtile  acid,  which  never- 
thelefs  is  not  powerful  enough  to  prevent  them  from 
changing  blue  vegetable  juices  green  ^ if  however, 
on  the  other  hand,  the  acid  is  fuperabundant,  the 
alkali  which  it  faturates  does  not  prevent  it  from 
turning  tin&ure  of  turnfole  red,  as  any  one  may 
experience  in  water  which  is  impregnated  with 
fpced  air,  and  at  the  fame  time  holds  diflolved  an 
aerated  alkali.  But  dry  alkali  of  tartar  feldom 
contains  more  than  Ty.0-  of  fixed  air,  of 

B 4 water, 
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Water>  -rl-o  of  filiceous  earth,  and  T7^.  of  pure 
alkali,  of  which  ^ would  be  in  a Rate  per- 
fedlly  cauflic  if  the  -~-0-  of  fixed  air  were  abforb? 

hy  ol  the  pure  alkali,  which  it  is  fufficient 
to  faturate,  but  as  it  is  equally  diftnbuted  through 
the  whole,  each  particle  wants  (t,)  of  its 
weight;  which  deficiency,  for  the  reafons  lately 
Rated,  will  be  made  up  but  («)  flqwly,  and  witfi 
difficulty,  even  in  the  open  air, 

§ vm.  Aerated  mineral  Alkali. 

I . 

Fixed  mineral  alkali,  which,  when  obtained 
from  marine  plants,  is  commonly  called  fal  fodse, 
is  ufually  found  fo  much  loaded  with  fixed  air, 
that  without  any  further  accumulation  it  naturally 
forms  cryftals  with  ten,  or  rather  eight  fides,  of 
which  oppofite  apices  are  for  the  molt  part  trun- 

(u)  '23  of  fixed  air  are  fufficient  to  faturate  '55  of  pure 
fixed  alkali;  for  (fee  p.  18.)  100:42  = 55:23  nearly. 

I am  inclined  to  think,  that  into  the  calculation  of  the  de- 
ficiency of  weight  a typographical  error  has  crept ; for 
this  deficiency,  which  Mr  Bergman  fays  will  be  reco- 
vered in  the  open  air,  can,  I apprehend,  amount  to  no 
more  than  'o,  '06  ; for,  if  ^3  faturate  55  parts,  '70  will  be 
faturated  by  2gT’T,  for  55:  23  = 70:  29T3r,  and  0,29  — 
0,23=0,06;  and  therefore  I conceive  the  deficiency  to 
be  only  r^.  C. 

(a)  Becaufe  all  the  particles  are  partly  faturated,  and 
therefore  attraft  the  faturating  matter  with  lefs  rapidity 
$nd  force.  C. 

cated 
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cated  (fig.  6.);  and  if  it  be  rendered  cauftic  by 
quick-lime,  it  may  again,  like  the  vegetable  alkali, 
be  faturated  with  fixed  air,  § vi  t . 

ioo  parts  of  the  frefh  cryftals  contain  of  fixed 
air  1 6,  water  64,  and  pure  alkali  20,  fo  that  100 
parts  of  the  pure  alkali  require,  to  faturate  them, 
80  parts  of  fixed  air  (w)  : this  is  the  more  extra- 
ordinary, as  it  is  certain,  that  an  equal  weight  of 
the  vegetable  alkali,  though  ( x ) flronger,  requires 
no  more  than  42 ; but  fuch  is  in  general  the  na- 
ture of  fimple  falts,  that  the  flronger  they  are, 
the  more  eafily  are  they  faturated  (y).  The  truth 
of  this  chymical  paradox  may  be  {hewn  in  the  fol- 
lowing manner : — Let  two  bottles  be  provided, 
the  larger  containing  a given  quantity  of  alkaline 

(w)  According  to  Mr  Lavoifier,  the  quintal  of  cryftals 

of  foda  contains  631b.  looz.  of  water,  15  lb.  15  oz.  of  e- 
laftic  fluid,  and  20  lb.  7 oz.  of  faline  matter,  This  ana, 
lyfis  coincides  nearly  with  that  of  the  author  : but  Mr  Kir- 
wan  (Phil.  Tranf.  vol.  lxxii.)  departs  widely  from  both. 
According  to  him,  in  100  grs.  of  cryftallized  fofTil  alkali, 
there  are  35  of  alkali,  20  of  fixed  air,  and  45  of  water. 
Mr  Kirwan  thinks  that  the  difference  is  owing  to  the 
two  former  chcmifts  having  ufed  foda  recently  cryftalli- 
zed. B.  , 

(x)  By  flronger  we  are  to  underftand  poffefiing  the  power 
of  diflodging  other  alkalis  from  acids.  C. 

{y)  This  ingenious  artifice  affords  a very  eafy  method  of 
ascertaining  the  quantity  of  fixed  air  expelled  from  an  alkali 
by  means  of  acids,  together  with  the  quantity  of  acid  ne- 
eeffary  to  faturate  that  alkali.  C. 

fait 
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fait  dilfolved  in  water  ; and  let  the  weight  of  the 
folution,  the  bottle,  and  the  Hopple,  taken  toge- 
ther — a ; let  the  weight  of  the  lelTer,  contain- 
ing fonie  fpecies  of  acid,  = b ; from  the  lelfer 
bottle  pour  into  the  greater  a quantity  of  acid, 
and  flop  both  flightly ; the  effervefcence  being 
over,  let  more  acid  be  poured  in,  and  again  Hop 
the  bottles,  and  fo  on  until  the  faturation  is  com- 
plete ; then  let  the  weight  of  the  greater  = a, 
that  of  the  lelfer  = b ; fince  then  b — b has  been 
added  to  the  greater  bottle,  the  decrement  of  the 
lelfer  mull  equal  the  increment  of  the  larger ; 
that  is,  b — — b . = a — a ; but  this  can  never  hap- 
pen, unlefs  the  alkali  be  perfectly  caultic,  other* 
wife  we  fhall  always  have  b.  — b a — a ; and 
their  difference  b — b — a -f-  a , indicates  the 
weight  of  the  fixed  air  expelled.  The  effervef- 
cence  fhould  be  conducted  gently,  without  heat, 
and  in  a bottle  of  proper  fize,  left  fome  watry  va- 
pour Ihould  fly  off  with  the  fixed  air,  and  render 
the  conclufion  erroneous. 

Let  the  folution  in  the  larger  bottle  be  evapora- 
ted to  drynefs,  and  the  refiduum  be  gently  igni- 
ted, in  order  to  expel  the  water  of  cryllallization, 
and  the  fuperfluous  acid,  if  any  there  be.  Let  it 
then  be  weighed,  and  from  the  increment  of 
weight  in  the  given  alkaline  fait,  and  the  weight 
of  the  fixed  ^ir  expelled,  we  difcover  what 
quantity  of  acid  is  fufficient  to  faturate  the  fixed 
alkali,  when  freed  from  water  and  fixed  air ; by 

this, 
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this  method  I difcovered  that  one  hundred  parts 
of  pure  mineral  alkali  require,  to  faturate  them, 


Parts. 

of  vitriolic  acid 

177 

— nitrous 

*354- 

— marine  - - 

I25 

— atmofphaeric 

80 

and  that  one  hundred  parts  of  pure 

vegetable  al- 

kali  require,  for  faturation, 

Parts. 

of  vitriolic  acid 

- 

— nitrous 

6 4 

— marine 

“ 5*4- 

— atmofphaeric  ' 

42 

The  quantities  of  fixed  air  before  afiigned  to  the 
mineral  and  vegetable  alkalis  agree  precifely  with 

this  table. 

What  has  been  already  affirmed  of  alkalis  holds 
good  of  acids,  deprived  of  their  fuperfluous  wa- 
ter : Thus  100  parts  of  vitriolic  acid  require 

j* 

Parts. 

of  pure  vegetable  alkali 

1274 

— mineral 

56  T 

volatile  r 

42 

Cryftal- 
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Cryftallized  mineral  alkali,  in  a dry  air,  lofes 
its  water,  together  with  its  tranfparency,  and 
breaks  down  into  a powder ; it  diffolves  in  a mo- 
derate heat  in  about  twice  its  weight  of  water  : 
befides,  many  properties  of  the  vegetable  alkali 
(mentioned  in  §vn.)  belong  to  the  mineral.  The 
reafon  why  it  cannot,  like  the  vegetable  alkali, 
precipitate  corrofive  fublimate  in  a white  powder, 
fhall  be  explained  in  § xxi. 


§ ix.  Aerated  volatile  Alkali. 

$ 

To  obtain  the  volatile  alkali  regularly  cryftalli- 
zed, I chofe  that  which,  being  obtained  from  fal 
ammoniac  by  means  of  chalk,  and  a due  degree 
of  heat,  is  faturated  with  fixed  air;  I then  fatura- 
ted  water  with  it  in  a clofed  bottle,  and  finally  ex- 
pofed  it  gradually  to  intenfe  cold  ; notwithftanding 
which,  I could  not  obtain  figures  perfectly  regu- 
lar— they  leemed  indeed  fomewhat  o&aedral,  with 
four  truncated  angles. — See  fig.  7.  which  exhibits 
the  upper  furface. 

The  cauftic  volatile  alkali,  prepared  with  quick- 
lime, attracts  water  very  vehemently ; it  is  there- 
fore always  fluid,  very  penetrating,  and  exceeding 
volatile  : by  the  method  deferibed  § vii.  it  is  ea- 
fily  rendered  mild,  and  is  to  a certain  degree  fix- 
ed, and  difpofed  to  cryftallize. 

This  alkali  is  weaker  than  the  fixed  ; and  there- 
fqre,  according  to  the  rule  above  mentioned,  it 

fhould 
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jhould  require  a greater  quantity  of  fixed  air  to 
faturate  it:  And  experiments  confirm  the  truth  of 
this;  for  100  parts  of  this  alkali,  when  pure,  take 
Up  near  1 05  of  the  aerial  acid  ; and  hence  alfo  it 
occafions  a more  violent  effervefcence  with  acids 
IOO  parts  of  concrete  volatile  alkali  ufually  con- 
tain 12  of  water,  45  of  fixed  air,  and  43  of  pure 
alkali. 


§ x.  Aerated  Terra  Ponder  of  a. 

That  bafis  which,  faturated  with  vitriolic  acid, 
forms  the  fpathum  ponderofum  (the  marmor  me- 
tallicum of  Cronftedt,  § xvii.  xix.)  bears  a ftrong 
refemblance  to  calcareous  earth  ; but  as  it  differs 
in  many  particulars,  it  is  necefTary  to  make  a dif- 
tin&ion,  until  new  experiments  throw  more  light 
on  the  fubjeft.  The  effervefcence  which  this  fub- 
ftance  occafions  with  acids  manifeftly  indicates  the 
prefence  of  fixed  air  : that  1 might  be  more  in- 
timately acquainted  with  this  combination,  I ex- 
pelled the  fixed  air  by  burning ; poured  water  on 
the  refiduum,  fhook  it,  and  then  filtered  it — after 
it  had  flood  a few  hours  in  the  open  air,  1 faw  the 
furface  flowly  covered  with  a cream,  and  all  that 
was  diffolved  in  the  water  feparated  by  degrees, 
in  the  very  fame  manner  as  happens  with  lime- 
water.  This  pellicle  effervefces  with  acids ; hence 
we  may  certainly  conclude,  that  the  principle 
which  had  been  expelled  by  the  fire  is  now  refto- 

red : 
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red  : by  a fufficient  degree  of  heat,  0,35  of  the 
weight  are  loft,  and  the  bottom  of  the  veffel  ac- 
quires a bluifh  colour  ; but  by  flow  folution  in  a* 
cids,  not  more  than  0,07  are  loft  : hence  it  ap- 
pears, that  one  hundred  parts  contain  7 of  fixed 
air,  28  of  water,  and  65  of  pure  terra  ponderofa. 
Water  can  take  up  about  of  its  own  weight 
of  this  earth  in  its  pure  ftate,  and  when  laturated 
with  it  precipitates  corrofive  fublimate  in  the 
form  of  a yellow  powder  :•  it  blackens  mere,  dul- 
cis,  and  changes  the  colour  of  vegetable  extracts, 
in  the  fame  manner  as  lime-water  does.  It  is  alfo 
to  be  obferved,  that  this  earth  acquires  folubility 
in  water  more  eafily,  if  it  be  feparated  from  the 
nitrous  acid  by  fire,  than  it  does  by  being  calci- 
ned alone.  Although  this  e?  “th,  faturated  with 
fixed  air,  will  not  enter  into  an  union  with  com- 
mon water,  yet  it  diffolves  in  water  impregnated 
with  that  fubtile  menftruum  ; for  water  in  that 
ftate  takes  up  -r^ro  of  its  weight,  and  even  much 
more,  if  the  earth  be  reduced  to  a powder  as 
fine  as  that  of  a precipitate  : this  folution  chan- 
ges the  red  colour  of  paper  tinged  with  Brazil 
wood,  to  a blue  ; it  heightens  the  colour  of  paper 
llightly  tinged  with  turnfole-;  but  when  the  men- 
ftruum is  fuperabundant,  it  reddens  the  tincture  ; 
it  fcarcely  changes  paper  ftained  yellow  by  turme- 
ric root : in  the  open  air,  the  fuperabundant  men- 
ftruum gradually  flying  off,  a cruft  is  formed  of 
the  fame  kind  as  that  occafioned  in  the  former  fo- 
lution. 
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iution,  by  the  fame  menftruum  being  attracted  to 
faturation  from  the  atmofphere  (z) . 


§ xr. 

Experiments  fhow  that  the  tranfparent  calca- 
reous fpar,  when  expofed  to  a fuffrcient  degree  of 
heat,  lofe's  0,45  of  its  weight,  together  with  the 
property  of  effervefcing  with  acids,  at  the  fame 
time  that  it  acquires  acrimony  and  folubility  in  wa- 


(2)  “ Ponderous  earth,”  fays  M.  Morveau,  “ is  hi- 
therto  but  imperfe&ly  known  to  the  French  chemifts.  Mi* 
Monnet  alone  has  paid  attention  to  it  : he  found  that  the 
ponderous  fpar  is  far  lefs  fufible  than  gypfum  ; that  the 
earthy  bafis  forms,  with  the  mineral  acids,  falts  very  dif- 
ferent from  thofe  produced  by  the  combination  of  the  fame 
acids  with  calcareous  earth.”— He  differs  widely  from  Sir 
f.  Bergman  on  a point  of  fome  confequence  ; for  he  con- 
tends for  the  exiflence  of  fulphur  completely  formed  in  the 
ponderous  fpar ; he  afTerts,  that  he  has  obtained  liver  of 
fulphur,  by  treating  it  alone  with  alkali  in  clofe  vefTels  ; 
he  confequently  confiders  it  as  a true  earthy  cryftallizable 
liver  of  fulphur.  On  communicating  to  Sir  T.  Bergman 
this  experiment  and  deduction  of  Mr  Monnet,  that  chemift 
returned  for  anfwer,  That  he  could  not  but  allow  that  the 
ponderous  fpar  may  fometimes  contain  fulphur ; but  he 
confiders  the  fulphur  as  an  extraneous  fubftance ; in  con- 
lrmation  of  which  he  obferves,  that  it  is  only  prefent  by 
acu  ent,  and  that  the  ponderous  fpar  may  be  re-produced 
7 ) nt  u is,  pofTeffed  of  all  its  efTential  properties,  viz.  by 
com  inmg  vitriolic  acid  and  ponderous  earth.  This 

fwer  feems  decifive.  13. 


an- 


ter  : 
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ter  : the  caufe  of  this  change  has  been  of  late  the 
fource  of  much  contention  ; but  if  I am  not  totally 
deceived,  this  difpute  may  now  be  decided,  both 
analytically  and  fynthetically.  Thus,  if,  by  the 
fecond  method  (§  1 1.)  we  collect  the  volatile  fluid 
expelled  in  burning,  it,  upon  examination,  is 
found  to  be  no  other  than  fixed  air,  and  is  equal 
in  weight  to  about  0,34  of  the  crude  mafs  ; the 
fame  lofs  is  fuftained  by  flow  folution  in  acids* 
the  remainder,  which  is  0,45  — 0,34  = 0,11, 
confifts  of  water  neceflary  to  cry  Utilization,  which 
may  alfo  be  feparated  by  a proper  diflillation.  The 
prodigious  velocity  with  which  the  fixed  air  flies 
off  occafions  it  to  carry  oft'  a fmall  portion  of  wa- 
tery vapour  ; infomuch  that  the  whole  of  the  wa- 
ter cannot  be  collected  in  this  way,  unlefs  by- 
means  of  an  apparatus  adapted  to  that  purpofe. 
This  analyfts  is  fully  confirmed  by  fynthefis  : — Let 
the  bottle  q.  r be  filled  with  clear  lime-water,  and 
let  a fufftcient  quantity  of  fixed  air  be  introduced 
through  a very  flender  tube,  fo  that  it  may  be  im- 
mediately abforbed  ; by  degrees  the  liquor  grows 
turbid,  and  flowly  depofits  a powder,  which  effer- 
vefces  with  acids,  is  not  foluble  in  water,  and  is 
void  of  acrimony,  that  is,  poflefles  all  the  proper- 
ties of  lime-ftone,  which  properties,  together  with 
the  above-mentioned  part  of  its  weight,  it  lofes  a- 
gain,  upon  expofure  to  fire. — It  is  with  juftice, 
therefore,  that  we  confider  calcareous  matter  as  a 
neutral  fait,  of  which  cryftals  are  of  an  obliquely 

paral- 
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parallelopiped  figure,  which  is  called  fpathaceous 
— of  which  the  compofition  is  fuch,  that  ico  parts 
contain  about  34  of  atmofphseric  acid,  1 1 of  wa- 
ter, and  55  of  pure  calcareous  matter,  quite  freed 
from  air  and  water. 

Pure  lime  can  be  wholly  diifolved  in  water  j 
but  we  muft  take  particular  notice,  that  not  only 
a confiderable  quantity  of  water  is  required,  (as  it 
fcarce  takes  up  its  own  weight),  but  the 

water  muft  alfo  be  completely  purged  of  fixed  air, 
by  violent  boiling  for  half  an  hour  j for  if  the 
fmalleft  portion  of  fixed  air  remain,  it  faturates 
more  than  its  own  weight  of  pure  lime,  which 
thereby  becoming  indilfoluble  falls  to  the  bottom. 
If,  therefore,  any  of  the  lime  remains  undiffolved, 
it  fhews,  either,  1 ft,  a mixture  of  heterogeneous 
matters  j 2d,  That  the  lime  is  not  well  burned  ; 
3d,  That  the  water  is  unfit  for  the  purpofe ; or, 
4th,  That  it  is  ufed  in  too  fmall  a quantity.  The 
2d  and  3d  impediments  are  eafily  difcovered,  by 
the  effervefcence  of  the  refiduum  with  acids  ; nor 
will  the  dete&ion  of  the  other  two  give  much 
trouble  to  an  expert  chymilb 

Since  then  pure  lime  and  fixed  air  feparately 
are  with  eafe  diifolved  in  water,  it  may  be  alked, 
Why  Ihould  not  the  compound  be  alfo  foluble  ? — > 
We  have  long  fince  obferved,  that  the  acceffion 
of  fixed  air  diminilhes  the  folubility  of  alkaline 
falts  and  terra  ponderofa  ; it  lhall  now  be  demon- 
ft rated,  that  other  acids  produce  the  fame  effeft. 
V°l.  I.  , C Pare 
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Pure  vegetable  alkali  is  very  deliquefcent,  and  vi- 
triolic acid  retains  water  with  fuch  force,  that  it 
cannot  be  exhibited  in  a feparate  date  by  any 
means  yet  known  ; yet  if  thefe  two  be  combined 
to  the  point  of  faturation,  a neutral  fait  is  produ- 
ced, one  part  of  which,  in  a moderate  heat,  re- 
quires 1 6 of  water  to  dilfolve  it.  This  is  one  no- 
table example,  and  upon  inquiry  hundreds  more 
will  occur. 

We  know  that  vitriolated  vegetable  alkali,  gyp- 
fum,  and  other  falts  difficultly  foluble,  are  more 
eafily  taken  up  by  water,  if  it  be  acuated  by  an 
acid.  May  not  aerated  lime,  therefore,  be  acted 
upon  in  the  fame  way  by  fuperabundant  fixed  air  ? 
at  lead,  if  we  admit  fixed  air  to  be  an  acid,  we 
fhould  expert  fuch  an  effedf ; and  upon  experi- 
ment this  appears  to  be  the  fadt.  Let  a fmall  por- 
tion of  lime-water  be  dropped  into  water  impreg- 
nated with  fixed  air,  flight  clouds  are  immediately 
formed,  oceafioned  by  the  faturation  of  the  lime 
by  the  fixed  air  : thefe  clouds,  however,  difap- 
pear  upon  gently  fhaking  the  veffel,  the  lime  be- 
ing again  diffolved  by  the  fuperabundant  fixed 
air.  Put  into  a bottle,  filled  with  aerated  water, 
tranfparent  calcareous  fpar,  reduced  to  an  exceed-* 
ingly  fine  powder  ; let  this  bottle  be  kept  well 
corked  in  a cool  place  for  fome  days,  and  a part 
of  the  fpar  will  be  found  diffolved  : this  folution* 
filtered  through  paper,  by  its  fuperabundant  fixed 
air  reddens  the  tindture  of  turnfcle  (lime-water 

heightens. 
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heightens  its  blue  colour)  ; it  fcarcely  ftains  blue 
a paper  tinged  red  by  Brafil  wood  (lime-water  oc- 
cafions  a deep  blue  colour)  ; it  does  not  change 
the  yellow  colour  of  turmeric  (lime-water  makes 
it  ferruginous) ; in  the  open  air  it  forms  a cream 
Upon  the  furface,  as  it  is  there  the  fuperabundant 
menftruum  firft  flies  off  (whereas  the  cream  of 
lime  is  to  be  aferibed  to  the  attraction  of  fixed  air 
from  the  atmofphere) ; finally,  by  gentle  eva- 
poration, it  depofits  an  aerated  lime,  of  about 
its  own  weight,  which  to  the  eye,  aflifted 
by  a glafs,  frequently  exhibits  the  fpathaceous 
figure  (fl)» 

It 

{a)  Tvi.  de  Sauffure  has  a curious  obfe'rvatlon  relative  to 
this  fubjeft  : — he  was  analyfing  a fulphureous  fpring  in  the 
neighbourhood  of  Geneva.  “ A lucky  accident,”  fays  he, 
u prefented  me  with  a new  and  curious  obfervation  upon 
the  calcareous  earth  held  in  folution  by  this  water.  I bad 
been  trying  to  feparate  by  the  filter  the  fulphur,  which  in 
the  courfe  of  a feW  hours  precipitates  fpontaneoufly,  and 
tenders  the  water  turbid.  1 afterwards  put  that  which 
had  pafled  through  the  filter,  and  was  rendered  limpid,  in- 
to a large  bottle  which  had  a ground  ftopple.  It  had  re- 
mained quite  full  for  a year  in  the  fame  place  of  my  ftudy* 
when  L wanted  it  for  fome  other  purpofe ; but  before  I 
threw  away  the  water,  I was  defirous  of  feeing  whether  it 
had  undergone  any  change.  At  the  bottom  I perceived  a 
fpecies  of  jjonferva  of  a green  colour.  In  order  to  infpeft 
this  plant  more  minutely,  I half  emptied  the  bottle,  and 
then  Ihook  it,  in  order  to  difengage  the  plant  ; which,  not- 
withitanding,  continued  firmly  attached  to  the  bottle  j but 
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It  may  perhaps  be  faid,  that  it  is  in  the  fire  the 
lime  acquires  its  faline  properties ; many  are  (till 
of  that  opinion  ; and  it  is  certain,  that  this  thefis 
may  be  fo  explained  as  not  to  contradict  the  fyn- 
thefis  and  analyfis  above  defcribed  : for,  fay  they, 
the  whole  difference  between  crude  lime  and 

in  the  mean  time  I perceived  a great  number  of  white,  fhi- 
ning,  oblong,  and  narrow  laminae,  floating  in  the  water, 
which  drew  all  my  attention.  Having  collefted  them  care- 
fully, I found  that  the  longeft  were  about  half  an  inch  in 
length,  and  in  breadth,  and  of  the  thicknefs  of  a Iheet 
of  paper.  The  microfcope  fhewed  them  to  be  formed  by 
the  jun&ion  of  feveral  tranfparent  cryftals,  of  which  the 
prominent  fummits  had  the  flrape  of  a triangular  pyramid, 
and  exaftly  refembled  the  fpar  commonly  called  pig’s  tooth 
fpar.  I further  found  that  thefe  cryftals  were  entirely  foluble 
with  effervefcence  in  the  nitrous  acid,  and  that  with  the  vi- 
triolic acid  they  compofed  felenite  ; fo  that  I could  not  doubt 
that  they  were  real  cryftals  of  calcareous  fpar. 

“ By  fcraping  the  bottom  of  the  bottle,  a concretion  like 
tartar  was  detached,  which  I found  to  be  compofed  of  fmall 
cryftals  of  the  fame  fliape  and  nature  as  thofe  juft  defcribed; 
but  the  lamina;  formed  by  their  junction,  inftead  of  being 
ftraight,  were  varioufly  reticulated. 

“ It  was  known  before,  that  earthy  cryftals  might  be 
obtained  by  the  evaporation  of  water,  holding  chalk  in  dif- 
folution  by  means  of  fixed  air.  This  interefting  difcovery 
belongs  to  Mr  Achard  of  Berlin  ; but  I believe  there  is  no 
inttance  on  record  of  fuch  cryftals  formed  in  the  water  with- 
out the  aid  of  evaporation.  This  fad,  however  trivial  in. 
appearance,  feems  to  me  of  great  importance  with  refped 
to  the  theory  of  the  formation  of  the  mountains  in  the  midft 
of  the  waters.”  B. 
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quick  lime  does  not  depend  upon  the  prefence  or 
abfence  of  fixed  air  and  the  water  of  cryftalliza- 
tion ; for  the  lime  receives  in  the  fire  the  matter 
of  heat  (£),  (the  fixed  air  and  water  being  pre- 
vioully  expelled),  by  which  the  efficacy  of  its  at- 
traction is  in  forne  degree  diminifhed ; by  this  new 
union  it  is  that  it  becomes  foluble  : but  the  cau- 
fticity  is  to  be  explained  entirely  upon  the  lofs  fuf- 
tained  by  means  of  the  fire,  as  we  fhall  foon  fee. 
Terra  ponderofa,  and  all  the  alkaline  falts,  in  the 
fame  way  receive  the  matter  of  heat ; and  hence 
we  underftand  how,  by  a double  elective  attrac- 
tion, lime,  diffolved  in  acids,  and  precipitated  by 
cauftic  fixed  alkali,  is  entirely  fimilar  to  lime  pre- 
pared by  fire,  and  flacked  in  water.  The  heat 
which  new-burnt  lime  generates  with  water  indi- 
cates no  more  than  a Ioofe  adherence  of  the  mat- 
ter of  heat,  which  is  reprefled,  and  prevented 
from  producing  fenfible  heat,  nearly  in  the  fame 
way  as  the  properties  of  acids  are  rendered  latent 
by  their  union  with  alkalis  : but  upon  the  accefs 


(6)  Numberlefs  phenomena,  which  we  cannot  here  con- 
fuler,  evince  beyond  a doubt  that  heat  is  the  effeCt  of  a cer- 
tain material  fubftance. — It  is  fufficient  here  to  obferve,  that 
the  fubtile  matter  of  heat  occurs  in  two  diftinCt  ftates  ; ei- 
ther it  is  at  liberty,  in  which  ftate  it  pervades  all  bodies, 
fo  that  all  attain  the  fame  temperature  ; or  it  is  fixed  by  at- 
traction, and  does  not  exhibit  fenfible  heat,  until  fet  free 
by  fome  more  powerful  attraction. 


c 


n 

o 


of 


3* 


OF  THE  AERIAL  ACID. 


of  a fufficient  quantity  of  water,  the  matter  of 
heat  is  immediately  feparated  by  means  of  a 
flronger  attra&ion,  and,  being  thus  fet  at  liberty, 
communicates  fenftble  heat  to  the  fuperabundant 
water  (c).  If  the  lime  be  gradually  flacked  by  the 
moiflure  of  the  furrounding  atmofphere,  nq  fen- 
fible  heat  is  generated  : but  we  mull;  take  parti- 
cular notice,  that  lime,  which  generates  heat  with 
water,  is  fcarcely  deprived  of  all  its  fixed  air  ; for 
the  intimate  nucleus,  at  leaf!,  is  found  (till  to  ef- 
fervefce  with  acids ; and  if  this  refiduum  be  ex- 
pelled, the  lime  becomes  as  it  were  dead  and  in- 
ert ; and,  although  ftill  foluble  in  water,  it  neb 
ther  fplits  in  flacking,  nor  occafions  any  heat.  It 
may  be  here  afked,  How  it  comes,  that  by  the  in- 
tenfity  of  the  fire  the  faculty  of  heating  is  loft, 
while  the  folubility  remains  ? — This  is  perhaps 
pwing  to  the  vehemence  of  the  fire,  to  which  the 
greateft  part  of  the  matter  of  heat,  being  very  vo- 
latile, is  obliged  to  yield.  The  workmen  reje& 
lime  which  is  too  much  burned,  as  being  ufelefs, 
as  it  does  not  fall  into  powder,  which  is  necefiary 

(c)  Of  all  this  there  Is  neither  proof  nor  probable  prc- 
fumption.  The  heat  in  this  cafe  proceeds  from  the  water, 
which,  iri  confequence  of  the  attra&ion  of  the  lime,  be- 
comes folid,  and  mull  therefore  give  out  that  heat  or  fire 
which,  as  we  arc  taught  by  Dr  Black,  conftitutes  its  liquid 
ftate.  There  is  no  fad  which  might  lead  us  to  fuppofe, 
that  a great  quantity  of  fire  is  fixed  or  rendered  latent  by 
muck-lime, 

for 
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for  mixing  it;  whereas  lime  lefs  burned,  in  the 
inftant  of  flacking,  breaks  into  a powder  : for  in 
the  latter  cafe,  the  greater  part  of  the  fixed  air  be- 
ing expelled  by  the  burning,  the  bulk  of  the  lime 
is  indeed  much  contracted  ; but  it  yet  remains  of 
a very  fpungy  texture  t—water  poured  upon  this 
readily  penetrates  it,  fets  at  liberty  the  hidden  par- 
ticles of  heat ; and  being  by  that  heat  refolved 
into  vapour,  breaks  the  whole  mafs  to  pieces,  and 
reduces  it  to  a fine  powder.  Lime,  as  well  as 
terra  ponderofa,  and  magnefia,  and  aifo  the  al- 
kaline falts,  when  cauftic,  even  after  extindion  in 
water,  produce  heat  on  mixture  with  acids,  the 
refiduum  of  the  matter  of  heat,  which  water  alone 
was  unable  to  expel,  being  fet  at  liberty ; but  thefc 
fubftances,  being  cryflallized,  produce  no  heat 
with  acids  ( d ). 

All 

» 

[d)  “ When  chalk,  cryflallized  vegetable  alkali,  5c  c. 
are  diflblved  in  concentrated  acids,  a very  confiderable  heat; 
is  produced,  a phenomenon  which  naturally  ought  to  ap- 
pear ; becaufe,  without  attending  to  the  fixed  fire,  collifion 
always  produces  heat.  As  the  fum  of  the  fynchronous  col- 
lifions  is  far  lefs  confiderable,  when  diluted  acids  are  em- 
ployed, the  cold  occafioned  by  evaporation  compenfatcs, 
01  even  furpafTes,  the  heat  produced,  as  I have  proved  iu 
the  2d  vol.  of  the  Dijon  Mem.”  Morveau. Having  ne- 

ver feen  the  relation  of  thefe  experiments  to  which  M.  de 
M.  alludes,  and  on  which  his  opinion  is  founded,  I cannot 
well  judge  concerning  its  validity  : I am,  however,  fome- 
what  inclined  to  fufpeft  it;  for  if  tbe  heat  produced  by 
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All  the  circumftances  mentioned  in  this  fedtion, 
as  well  as  the  preceding,  (§  vn. — x.),  being  con- 
fidered,  or,  for  fuller  conviction,  being  often  put 
to  the  proof,  I doubt  very  much  whether  caufti- 
city  can  with  propriety  be  derived  from  any  ad* 
ventitious  matter,  efpecially  as  it  may  be  explain- 
ed funply  and  plainly  by  elective  attra&ion,  a 
power  to  which  all  bodies  on  this  globe  are  found 
to  be  obedient ; for  the  purer  any  matter,  the 
more  powerful  is  its  effort  towards  an  union  with 
other  fubftances ; fo  that  in  this  hate,  adiing  with 
undiminifhed  force,  it  feizes  with  the  greater  vio- 

the  collifions  be  compenfated  or  furpafled  by  evaporation, 
when  a weak  acid  is  ufed,  an  effeft  not  very  diffimilar 
pught  to  follow,  when  a more  conceptrated  one  is  ufed ; for 
in  this  cafe,  the  collifions  being  more  numerous  and  inftan- 
paneous,  the  evaporation,  and  confequently  the  quantity  of 
fire  carried  off  in  vapour,  fhould  likewife  be  more  confi- 
derable  : befides,  it  is  fcarce  credible  that  the  cold  produ- 
ced in  fome  folutions  can  be  owing  to  evaporation,  it  is 
fo  intenfe.  I am  therefore  much  more  inclined  to  attri-r 
bute,  with  Dr  Black,  the  produftion  of  cold  to  the  con- 
yerfion  of  a quantity  of  abfolute  into  latent  heat.  B. 

To  this  it  may  be  added,  that  the  folution  is  not  Mor- 
veau’s,  but  Newton’s  ; and  that  it  refts  upon  a theory  not 
received  by  Morveau  himfelf,  viz.  That  heat  confifts  in  a 
tremor  of  the  particles  of  bodies  : wherefore  the  French 
pnnotator  is  neither  original  nor  confiftent.  The  folution 
of  the  problem  is  perfectly  eafy  upon  Dr  Black’s  prin- 
ciples. The  combined  bodies  attradl  lefs  fire  than  in  their 
feparate  ftate  ; and  therefore  a quantity  of  that  which  was 
before  latent  muft  become  fenfible. 
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lence  thofe  fubftances  with  which  it  has  an  affini- 
ty, and,  if  powerful  enough,  diffolves  their  for- 
mer connexion  : hence  it  exerts  a violent  acrimo- 
ny; but  as  it  is  gradually  faturated,  its  force  be- 
comes weaker,  until  a full  faturation  taking  place, 
all  this  corrofive  faculty  vanifhes,  and  can  no  other 
way  be  reftored,  than  by  expelling  the  faturating 
matter.  The  matter  of  heat  rather  repreffes  than 
quickens  caufticity  : it,  however,  repreffes  it  but 
imperfectly  ; and  hence  the  prefence  of  caufticity 
always  indicates  a powerful  attractive  effort,  toge- 
ther with  the  abfence  of  the  fubftances  for  which 
the  cauftic  body  poffeffes  a very  violent  attrac- 
tion (e). 

It 


(e)  The  more  chymiftry  is  improved,  the  more  nu- 
merous and  cogent  will  be  the  proofs  of  this  theory.  But 

I will  here  add  a few  remarks  to  thofe  upon  § vii as 

quick  lime  cannot  be  deprived  of  all  the  fixed  matter  of 
heat,  it  cannot  be  affirmed  that  its  properties,  in  this  ftate 
of  combination,  belong  exclufively  to  one  of  its  conftitu- 


ent  parts  ; 2,  it  is  certain,  not  only  that  compounds, 
quatenus  compounds,  have  their  peculiar  affinities ; but  It 
is  befides  certain,  that,  in  fome  cafes,  thefe  affinities  can 
be  exerted  only  on  compounds.  Mr  Bucquet  has  obfer- 
vcd,  that  quick  lime  does  not  flack  in  fixed  air,  but  it 
may  be  inftantly  flacked  in  aerated  water  ; which  proves 
that  water  is  a necelTary  intermede  to  the  union  of  the 
gas;  3.  the  mertnefs  of  burnt  lime  feems  very  difficult  to 
he  explained.  Sir  T.  Bergman’s  conjeaure  appears  re- 
pugnant to  the  general  law;  according  to  which,  every 

body 
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It  has  already  been  faid,  that  the  moR'  fimple 
figure  of  aerated  lime  is  that  which  is  called  fpa* 

thaceous : 

body  that  cools  in  any  fluid  always  retains  a portion  of 
that  fluid,  as  a cryftallizing  body  always  retains  part  of 
the  liquor  in  which  it  was  diflblved.  I Ihould  therefore 
rather  fuppofe  that  the  violence  of  the  heat  muft  have  de- 
ftroyed  part  of  thofe  principles  which  this  earth  derives 
from  organized  bodies,  and  which  conftitute  it  calcareous 
earth.”  Morveau. 1 am  ready  to  allow  that  the  au- 

thor’s conjecture  is  not  very  probable  : but  the  annotator’s 
fcems  alfo  very  vague  and  unfatisfaftory,  more  efpecially 
jf  we  confider  that  there  ftill  fubfift  doubts  concerning 
the  origin  of  calcareous  bodies. — M.  Buffon,  and  there* 
fore,  of  courfe,  the  whole  herd  of  French  chemifts  and 
natural  ills,  contend,  that  they  are  the  produft  of  the  ac- 
cumulated fpoils  of  marine  fubflances.  Mr  Pallas  and 
M.  Sauffure  too,  incline  to  this  opinion  : but  a diftinguilh- 
ed  naturalift  has  of  late  combated  this  opinion,  with  argu- 
ments of  great  apparent  weight.  “ Calcareous  matters/' 
fays  M.  de  Luc,  “ cannot  have  derived  their  chara&eriftic 
properties  from  the  fpoils  of  marine  animals:  i.  becaufe 
thofe  fpoils  muft  neceffarily  have  been  lefs  abundant  du- 
ring the  moft  remote  times,  and  it  was  during  thofe  re- 
mote times,  that  the  moft  confiderable  accumulations  of 
calcareous  matter  were  made  ; 2.  becaufe  thofe  great  ac- 
cumulations, fuch  as  the  calcareous  Alps,  contain  a far 
fmaller  number  of  marine  fubftances  than  many  accumula- 
tions of  a different  nature  ; 3.  becaufe  calcareous  matters 
-have  been  found  among  primordial  fubftances,  that  is  to 
fay,  fuch  as  are  prior  to  all  thofe  in  which  the  probable  ef- 
fect of  known  caufes  can  be  recogniled.”  So  far  M.  dc 
Luc. — With  refped  to  the  change  produced  on  lime  by 
calcination,  carried  too  far,  is  it  abfurd  to  fuppofe  that  it 

may 
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thaceous  : I have,  I imagine,  elfewhere  fufficient- 
ly  explained  how  from  this  are  formed  the  grana* 
tic,  bafaltic,  and  other  figures  (/). 

i 

§ xii.  Of  aerated:  Magnefia. 

The  magnefia  which  is  found  in  the  fhops, 
although  vulgarly  called  an  earth,  is  yet  of  a fa- 
line  nature  ; for  in  a moderate  heat  diftilied  wa- 
ter is  capable  of  diffolving  of  its  own  weight ; 
and  analyfis  confirms  this  opinion,  as  it  fhews  that 
the  primary  principles  of  magnefia,  are  a peculiar 
kind  of  earth  faturated  with  fixed  air  and  water. 
Common  magnefia,  by  proper  calcination,  lofes 
0,55  of  its  weight,  but  a vehement  and  long -con- 
tinued fire  diflipates  foraewhat  even  of  the  earthy 
bafis ; by  flow  effervefcence  in  acids,  only  0,25 
are  loft : hence  it  appears,  that  1 00  parts  of  mag- 
nefia contain  about  25  of  fixed  air,  30  of  water, 

may  anfe  from  fuch  an  alteration  as  bears  fome  analo- 
gy to  an  incipient  vitrification  ? But  in  queftions  of  fo 
great  obfeurity,  there  are  no  bounds  to  the  licentiouf- 
nefs  of  conjedure,  B. The  inertnefs  of  lime  is  cer- 

tainly often  owing  to  an  impeded  vitrification  ; and  the 
imperfed  vitrification  to  the  impurity  of  the  limeftone,  or 
to  the  admixture  of  clay.  But,  I believe,  there  are  in- 
ftances  of  lime  flacking  without  that  degree  of  heat  which 

generally  obferved.  I know  not  if  this  depends  on  the 
fame  caufe. 

(/)  Freatifc  on  the  Formation  of  Cryflals. 

and 
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and  45  of  pure  magnefia,  which  appears  to  be  a 
true  earth ; at  lead,  although  blended  with  the 
matter  of  heat,  I have  never  yet  been  able  to  dif- 
folve  it  in  water.  Magnefia  fully  faturated  with 
air,  and  cryflallized,  in  ioo  weight,  contains 
30 lb.  of  fixed  air:  the  vapour  which  is  expelled 
cither  by  fire,  or  acids  colle&ed  by  the  methods 
defcribed  §11.  and  examined,  exhibits  all  the 
marks  of  fixed  air  j in  this  inftance  the  colledtion 
of  the  elaftic  vapour  expelled  by  the  fire  in  the 
bottle  (§  11.)  is  attended  with  the  lefs  trouble,  as 
it  is  more  loofely  connected  with  the  magnefia ; 
whereas,  it  adheres  very  ftrongly  to  lime,  fo  as 
to  require  a more  violent  fire : hence,  when  lime 
is  ufed,  it  becomes  neceffary  to  provide  a glafs  of 
proper  thicknefs,  and  very  difficult  of  fufion,  and 
to  furround  it  with  powder  of  burnt  bones,  or 
gypfum,  to  prevent  it  from  being  fufed.  In  ge- 
neral too,  we  may  remark,  that  the  greater 
the  diameter  of  the  body  of  the  retort,  the 
more  difficult  will  it  be  to  make  the  neceffary  heat 
penetrate  to  the  centre ; befides  it  will  be  ne- 
ceffary to  increafe  the  force  of  the  fire  conti- 
nually, for  if  it  at  any  time  is  remitted,  the  tube 
c f e draws  up  the  water ; this  inconvenience  is 
fomewhat  leffened  by  continuing  the  extremity  g 
of  the  tube  nearly  to  the  bottom  h of  the  veffel : 
— I have  fitted  up  common  tobacco-pipes  for  this 
purpofe,  and  found  them  very  convenient. 

The  greateft  part  of  the  magnefia  which  is 

found 
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found  in  the  Ihops  is  prepared  by  precipitation 
from  Epfom  fait  j but  if  the  alkali  made  ufe  of  be 
well  impregnated  with  air,  the  precipitation  will 
be  frnall,  particularly  in  a large  quantity  of  water  ; 
for  the  fixed  air,  expelled  from  the  alkali  by  the 
vitriolic  acid,  attacks  the  deferted  magnefia,  and 
dilfolves  it ; but  by  a boiling  jieat  the  fuperabun- 
dant  volatile  menftruum  is  diflipated,  the  magne- 
fia is  brought  to  the  point  of  faturation,  and  al- 
moft  all  precipitates. 

Water  well  faturated  with  fixed  air  dilfolves,  in 
a moderate  heat,  about  of  its  own  weight  of 
common  magnefia,  and  double  that  quantity,  if 
it  be  as  fine  as  a precipitate.  This  folution  turns 
the  tin&ure  of  turnfole  red,  but  heightens  that  of 
paper  ilightly  tinged  by  it ; makes  paper  tinged 
with  fernambucum  blue,  but  fcarcely  obfcures 
the  yellow  colour  of  turmeric  (for  reafons  alfigned 
below,  I do  not  make  ufe  of  fyrup  of  violets) ; 
upon  the  addition  of  an  acid,  innumerable  bubbles 
appear  : pure  fixed  alkali  precipitates  an  earth 
which  does  not  effervefce  with  acids,  provided  the 
alkali  be  ufed  in  quantity  fufficient  to  take  up  all 
the  fixed  air,  if  in  lefs  proportion  an  elfervefcence 
takes  place.  If  the  alkali  ufed  be  fully  faturated 
with  fixed  air,  it  has  no  effect  on  the  folution, 
unlefs  the  water  be  vinfufficient  to  hold  both  dif- 
fblved,  in  which  cafe  the  magnefia  feparates. 
Pure  volatile  alkali  alfo  throws  down  a precipitate, 
but  an  effervefcing  one,  as  it  can  attraft  only  the 
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fuperabundant  air ; with  folution  of  corrofivc  fu« 
blimate  it  grows  milky,  and  gradually  depofits  a 
fmall  quantity  of  white  powder  ; afterwards  thin 
blackifh  cryftals  concrete,  compofed  of  mercurius 
dulcis,  and  a calx  of  mercury  partially  aerated. 
The  finalleft  drop  of  a folution  of  mercury,  made 
by  heat  in  nitrous  acid,  occafions  a copious  yel- 
lowilh  brown  precipitate : but  the  fame  folution, 
made  without  heat,  yields  a white  powder,  which 
after  fome  days  grows  greyifli,  as  in  this  cafe  the 
metal  has  loft  but  a little  of  its  phlogifton.  Thefe 
changes  may  perhaps  be  afcribed  to  a mixture  of 
alkali  adhering  to  the  precipitate  of  corrofive  fubli- 
mate,  and  which  cannot  be  walhed  away : but 
this  fufpicion  foon  vanishes,  lor  magnefia  has  the 
fame  effect,  whether  it  be  precipitated  by  fixed  or 
volatile  alkali  j and  befides,  precipitates  occafion- 
ed  by  volatile  alkali,  difappear  in  a few  minutes* 
while  thefe  which  depend  on  magnefia  are  perma- 
nent. 


§ xiii.  derated  Clay* 

Fixed  air  fcarcely  ever  attacks  pure  clay,  that 
is,  the  earth  of  alum  dry  and  compact  j yet  the 
precipitation  of  alum  by  aerated  alkali  (hews  that 
it  does  not  altogether  refufe  to  unite  with  it, 
when  fufficiently  fine  and  comminuted  ; for  the  li- 
quor, well  filtrated,  although  clear,  after  ftand* 
ing  a few  days  in  the  open  air,  and  in  a degree 
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bf  heat  fufficient  to  expel  the  fixed  air,  grows 
turbid,  and  by  degrees  depofits  a finall  portion  of 
earth,  which  had  been  fufpended  by  the  volatile 
menftruum  (g-).  Common  clay,  expofed  to  vio- 
lent heat,  gives  out  a quantity  of  fixed  air  feveral 
times  greater  than  itfelf  in  bulk,  mixed  with  a 
finall  portion  of  inflammable  air,  which  comes  off 
by  the  firfl  a&ion  of  the  fire. 

We  have  already  compared  (§  vm.)  the  alka- 
line falts,  with  refpeft  to  the  quantity  which  will 
faturate  equal  parts  of  the  fame  acid ; we  fhall 
here  add  numbers  proportioned  to  the  weights  of 
the  different  earths  diffolved  by  the  fame  meafure 
of  marine  acid : 


pure  clay, 
pure  magnefia, 
pure  lime, 

pure  terra  ponderofa, 


1,0 

2,2  aerated  5,7 
3,5  aerated  6,0 
8,7  aerated  13,5 


( g ) Profcffor  Schreber,  in  a CoMicm  of  which  he  is 
the  editor,  , Naturforfcher,  ft.  15.),  defcribes  experiments 
upon  a fort  of  lac  lun$,  found  near  Halle,  from  which  it 
appears  to  be  argillaceous  earth,  faturated  with  aerial  acid, 
ind  mixed  with  a very  finall  quantity  of  calcareous  earth. 
But  there  are  fubftances  to  which  this  denomination  is  gi- 
ven, which  certainly  contain  no  clay,  as  any  one  may  con- 
vince himfelf,  by  examining  the  lac  luns  that  appears  upon 
the  face  of  the  bafaltic  rock,  called  Salilbury  Craig,  near 
Edinburgh.  And  Mr  Kirwan  Ihould  not  have  reprefented 
lac  lunae  as  day  faturated  with  aerial  acid , (Mineralogy, 
p.  71.  72.)  without  annexing  feme  caution  refpc&ing  the 
ambiguity  of  the  appellation. 
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Here  follow  the  weights  of  abforbent  earths,  which 
can  unite  with  100  parts  of  aerial  acid : 


pure  magnefia, 

X5° 

(§  xii.) 

purj  lime. 

162 

(§  XI.) 

pure  terra  ponderofa, 

926 

(§  X.) 

Therefore  the  law  demonftrated  (§  vm.)  of  alka- 
line falts  alfo  holds  good  of  earths. 

Silecious  earth  eludes  the  force  of  fixed  air, 
and  all  the  other  acids,  except  that  of  the  mineral 
fluor.  The  more  fimple  earths,  therefore,  being 
now  confidered  with  relation  to  the  aerial  acid,  we 
go  on  to  the  metals. 


§ xiv. 

As  far  as  I know,  fixed  air  alone,  in  its  elaftic 
(late,  does  not  diffolve  nor  even  corrode  any  me- 
tal, unlefs  perhaps  daring  calcination ; but  when 
united  with  water  it  attacks  fome  of  them.  Let 
iron- filings  be  put  into  aerated  water,  let  the  bottle 
(well  flopped  and  inverted)  be  fet  in  a cold  place, 
and  in  twenty-four  hours  a portion  of  the  iron 
will  be  found  dilfolved,  fo  that  the  water  will 
{trike  a purple  colour  with  ( [h ) tin&ure  of  galls, 
make  fyrup  of  violets  green,  and  form,  with  plilo- 

(/})  I make  ufe  of  fpirituous  tindure,  as  it  is  more  ef- 
ficacious than  the  watery  tindure,  and  can  be  kept  uncor- 
rupted. 

gifticated 
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gifticated  alkali,  Pruffian  blue.  If  this  folution  be 
expofed  to  the  open  air,  the  furface  which  firffc 
lofes  the  menftruum  exhibits  a party-coloured  pel- 
licle, compofed  of  particles  of  iron,  reduced  to 
fuch  tenuity  as  to  refleft  different  colours  ; by  de- 
grees all  the  iron  is  feparated  in  form  of  a fubtile 
ochre,  which  amounts  to  nearly  -T-5-|.0..b.  part  of 
the  weight  of  the  water,  and  when  frefh  retains 
fo  much  of  the  principle  of  inflammability  as  to 
obey  the  magnet,  and  be  foluble  ill  the  mineral 
acids : — Cauft ic  alkali,  whether  fixed  or  volatile, 
fepa rates  this  metal  from  the  water,  but  when 
fully  aerated  has  no  effefh 
Water,  impregnated  with  the  fixed  air  expelled 
by  heat  from  magnefia  or  calcareous  fpar,  or  that 
colle&ed  from  fermenting  fubftances,  fcarcely 
takes  up  any  calcined  iron,  except  at  the  inftant 
of  its  precipitation,  when  it  is  fcarcely  obedient  to 
the  magnet ; but  if  the  ordinary  method  of  effer- 
vefcence  without  wafliing  be  employed,  the  water 
is  always  contaminated  with  vitriolic  acid ; moffc 
commonly,  indeed,  fo  fparingly  as  not  to  change 
the  colour  of  fyrup  of  violets  difUn&ly,  though  it 
reddens  paper  tinged  with  turnfole,  which  water 
loaded  with  pure  fixed  air  is  never  able  to  do 
(§  VI0;  and  befides,  a drop  or  two  of  folution  of 
terra  ponderofa  in  the  nitrous  or  marine  acids, 
acts  as  a very  certain  teft,  and  by  a flow  eongru- 
mation  detecis  even  the  fmalleft  traces  of  vitriolic 
acid,  which  cannot  fo  w^ell  be  difeovered  by  any 
VoL-1*  X)  other 
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other  means  yet  known.  I am  the  more  certain 
that  this  mixture  is  moil  commonly  the  caufe  of 
the  folution  of  iron  calx,  as  I have  often,  by  add- 
ing it,  produced  this  effeft,  which  water  fully 
aerated  was  unequal  to  ; — during  calcination,  in- 
deed, the  iron  feems  to  unite  with  fixed  air,  but 
water  can  fcarcely  take  up  that  compound. 

§ xv.  Aerated  Zink . 

Aerated  water  will  diffolve  zinc  very  copioufly, 
either  in  its  metallic  Rate,  or  calcined  by  the  pro- 
cefs  defcribed  in  the  foregoing  fection.  The  me- 
tallic folution,  expofed  to  the  open  air,  foon  fhews 
its  furface,  covered  with  party-coloured  atoms  of 
zinc ; whereas,  that  which  contains  the  calx  ap- 
pears more  obfcure,  with  lefs  variety,  and  lefs  re- 
fplendency  of  colour.  The  pellicles  which  earthy 
and  metallic  bodies  diffolved  by  aerated  water 
yield,  on  expofure  to  open  air,  nearly  agree  with 
thofe  which  appear  upon  evaporating  folutions  of  . 
other  falts,  as  in  both  inftances  the  neceflary 
quantity  of  menftruum  becomes  firft  deficient  on 
the  furface. 

Alkali,  when  perfe&ly  cauflic,  as  alfo  tin&ure 
of  galls,  and  phlogifticated  alkali,  precipitate  the 
metal  of  a yellowifh  afh  colour.  Alkalis  fully  ae- 
rated produce  no  effeft  ; but  as  thofe  in  common 
ufe  poffefs  fome  degree  of  caufticity  (§  vii.), 
they  are  not  entirely  ina&iVe. 

f XVI, 
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§ xvi.  derated  Manganefe. 

That  femimetal  which  is  found  in  the  magnefia 
nigra,  or  glafs-makers  magnefia,  and  which  feems 
to  be  diltinft  from  all  the  other  femimetals  hither- 
to known,  I call  manganefe.  Aerated  water 
takes  up  the  black  calx  of  this  metal,  but  far  more 
copioufly  the  regulus,  in  fuch  a manner  however 
that  it  alfo  takes  up  the  iron  which  is  mixed  with 
it.  If  the  regulus  be  employed,  the  folution  dif- 
fufes  a particular  fmell,  not  unlike  that  which 
proceeds  from  burned  fat ; but  the  precipitate 
and  pellicles  are  the  fame  as  above  described,  ex- 
cept as  to  colour,  which  is  generally  influenced  by 
the  prefence  of  iron  : moreover,  phlogifticated 
alkali  precipitates  pure  manganefe  of  a yellowilh 
white,  and  tin&ure  of  galls  produces  nearly  the 
lame  colour. 

§ xvii.  tJnion  of  Fixed  Air  with  other  Men- 
tals attempted. 

The  metals  above-mentioned  are  eafily  diflolved 
by  aerated  water;  whereas  fome  of  the  others 
cannot  unite  with  it,  except  tvhen  divided,  as  in 
the  very  inftant  of  precipitation  ; and  molt  of 
them  cannot,  even  by  this  artifice,  be  brought  to 
do  fo.  The  following  metals  I put  into  aerated 
i water,  and  kept  them  in  bottles  well  flopped  and 
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inverted,  in  a cool  place,  for  eight  days,  at  the 
end  of  which  time  I examined  them : viz.  gold 
leaf,  aurum  fulminans,  platina,  filver  leaf,  mer- 
cury, iEthiops  mineral  prepared  without  heat, 
turbeth  mineral,  granulated  lead,  calcined  cop- 
per, granulated  copper  minium,  ceruffe,  leaf  tin, 
calcined  tin  ; as  alfo  the  femimetals  bifmuth, 
nickle,  arfenic,  cobalt,  and  antimony,  both  re- 
guline  and  calcined ; — the  water  of  each  bottle 
was  filtered  through  paper  into  a feparate  veffel, 
and  was  found  ftill  to  retain  all  its  fixed  air,  for  it 
reddened  the  tin&ure  of  turnfole  as  before  j but 
molt  of  them  (hewed  no  figns  of  folution  having 
taken  place.  The  bifmuth  indeed,  the  cobalt, 
and  the  antimony,  both  reguline  and  calcined,  as- 
alfo  the  regulus  of  arfenic,  in  the  open  air,  fhew- 
ed  exceeding  thin  party-coloured  pellicles,  which 
could  hardly  be  obferved  ; but  on  the  addition  of 
cauftic  alkali,  they  exhibited  flight  clouds,  and 
produced,  with  tin&ure  of  galls,  a violet-coloured 
precipitate,  fo  that  1 could  fcarcely  doubt  but 
ihefe  phamomena  were  owing  in  a great  meafure 
to  an  admixture  of  iron  : yet  pure  cobalt,  as  well 
as  nickle,  gave  fome  tokens  of  being  dilfolved, 
but  thefe  tokens  I hold  to  be  ftill  ambiguous. 

I tried  gold  leaf  in  another  way,  but  in  vain  ; 
namely,  1 put  into  di  (tilled  water,  along  with  the 
leaf,  either  the  calcareous  fpar,  or  aerated  alkali, 
then  by  degrees  1 poured  in  vitriolic  acid,  fo  as 
not  to  produce  a full  faturation,  yet  after  fome 
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days  I found  no  folution  had  taken  place : once 
indeed,  when  I ufed  chalk  and  common  water,  I 
faw  fome  veftiges  of  a folution ; but  upon  exa- 
mining more  accurately,  I found  a little  marine 
acid  in  the  chalk,  and  difcovered  lime  diffolved  in 
nitrous  acid  in  the  water,  from  whence  a fmall 
portion  of  aqua  regia  had  been  generated.  The 
vitriolic  acid  itfelf  is  frequently  found  to  contain 
a portion  of  nitrous  acid,  which  is  ufually  em- 
ployed to  difcharge  its  brown  colour  : — -The  moft 
extreme  caution  is  neceflary  to  avoid  being  decei- 
ved by  adventitious  circumftances. 

But,  becaufe  the  metals  were  tried  in  this  way 
in  vain,  wc  are  not  to  affirm  that  they  cannot  be 
united  with  fixed  air,  for  perhaps  it  might  be 
done,  if  they  were  minutely  divided  by  precipita- 
tion ; I examined  this  fuppofition  in  the  following 
manner  ’ To  the  folution  of  a metal  in  its  proper 

folvent,  diluted  with  a fufficient  quantity  of  diftil- 
led  water,  I added,  by  degrees,  either  aerated 
vegetable  alkali,  magnefia,  or  calcareous  fpar ; 
the  faturation  being  completed,  I kept  the  bottles 
clofed  and  inverted,  in  a cold  place,  for  fome  days, 
and  then  examined  the  water  after  filtration:  I 
avoid  making  ufe  of  chalk,  which  is  often  mixed 
with  marine  acid,  and  therefore  in  certain  cafes 
might  occafion  confufion  j with  crude  lime,  the 
faturation  is  obtained  very  flowly,  efpecially  if  the 
menftruum  be  vitriolic  acid,  partly  becaufe  the 
furface,  affuming  a gypfeous  nature,  defends  the 
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internal  particles,  partly  becaufe  the  lafl:  portion 
of  the  acid  can  only  meet  with  the  chalk  at  the 
bottom  of  the  vefiel,  unlefs  the  liquor  be  frequent- 
ly ftirred ; while,  on  the  contrary,  the  magnefia, 
and  efpecially  the  alkali,  by  their  folubility,  are 
fpontaneoufly  difperfed  through  the  whole  mafs : 
magnefia,  however,  is  belt,  inafmuch  as,  though 
it  diflolves  fpontaneoufly,  yet  the  folution  goes  on 
fo  flowly,  that  the  water  has  time  to  take  up  the 
greatefl:  part  of  the  fixed  air,  as  it  is  expelled ; 
whereas,  when  the  effervefcence  is  violent,  a 
great  number  of  bubbles  rife  to  the  furface,  and 
fly  off. 

By  this  method,  befides  thofe  metals  formerly 
enumerated,  which  may  be  dire&ly  diflolved  in 
aerated  water,  a fmall  quantity  of  gold  appears  to 
be  taken  up,  but  that  in  fo  ambiguous  a manner, 
that,  upon  examination,  I am  ftill  undecided. 
Gold  is  precipitated  from  aqua  regia  very  flowly, 
by  magnefia  and  by  lime,  and  but  imperfe&ly  by 
alkalis,  as  a part  of  the  precipitate  is  rediflolved  by 
the  precipitant ; fo  that  the  liquor  can  fcarcely  be 
divefled  of  its  yellow  colour.  The  folution  ^>f 
gold,  which  with  tin  depofits  a purple  powder, 
does  not  hold  the  gold  diflolved  by  the  fixed  air 
alone ; for,  to  occafion  a precipitation,  it  is  ne- 
ceffary  that  there  fhould  be  prefent  a menftru- 
um  fuch  as  may  be  able  to  take  up  the  tin  — 
which  aerial  acid  cannot  do. 

I fpbjetted  plating  filver,  mercury,  lead,  and 

the 
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the  other  metals  and  femimetals,  to  fimilar  expe- 
riments ; but  the  event  was  the  fame,  and  I 
found  no  certain  tokens  of  folution.  That  ceruffe 
fhould  refufe  folution  by  the  medium  of  fixed  air, 
furprifed  me,  efpecially  as  it  is  itfelf  nothing  more 
than  an  aerated  calx  of  lead,  and  therefore  dif- 
folves  in  acids,  with  effervefcence,  and  the  va- 
pour which  is  expelled  poffeffes  all  the  properties 
of  fixed  air.  In  this  experiment  I employed  ce- 
ruffe perfectly  free  from  chalk. — In  like  manner 
filver,  mercury,  copper,  tin,  bifmuth,  nickle,  and 
the  other  metallic  fubftances,  diffolved  in  acids, 
and  precipitated  by  aerated  alkalis,  take  up  the 
fixed  air,  but  yet  cannot  by  its  means  be  diffol- 
ved, except  that  when  the  acid  is  fuperabundant, 
before  the  precipitation,  a fmall  portion  of  copper 
is  taken  up a complete  precipitation  is  with  dif- 
ficulty obtained  by  lime  and  magnefia,  though 
ufed  in  large  quantities.  The  metallic  falts  always 
redden  paper  tinged  with  turnfole,  a property 
which  it  is  extremely  difficult  to  reprefs  by  means 
of  the  above-mentioned  earths. 

$ xviii.  Inflammable  Matters  greedily  at  trad 
fixed  air, 

The  common  acids  frequently  attack  inflam- 
mable bodies  with  peculiar  avidity,  as  is  well 
known  ; although  the  union  of  an  acid  with  pure 
phlogifion  (which  is  commonly  called  fulphur) 
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takes  place  but  in  few  of  them — fixed  air  alfo  pof. 
fefies  this  fame  property.- — If  the  bottle  q_  r,  filled 
with  fixed  air,  be  plunged  with  its  mouth  under 
fpirit  of  wine,  the  fpirit  \yill  be  found  to  abforb, 
in  a temperature  of  io°,  double  its  own  bulk  of 
fixed  air.— Let  the  fame  experiment  be  tried  with 
olive  oil,  and  it  will  be  found  that  it  will  abforb 
an  equal,  nay  fometimes  a greater,  bulk  than  its 
own  ; fo  that  a ftratum  of  oil  floating  upon  water 
is  of  little  ufe,  as  it  fcarcely,  if  at  all,  retards  the 
abforption  of  fixed  air.  Oil  of  turpentine  abforbs 
nearly  twice  its  own  bulk,  and  that  in  the  beginning 
with  fuch  avidity,  that  in  the  firft  half  hour  about 
a fourth  part  of  the  fixed  air  difappears.  Ether 
does  not  diminifh  fixed  air,  but  expands  it  near- 
ly to  a double  volume  ; however,  if  this  vapour 
be  again  paflfed  through  water,  it  reaflumes  its 
original  quantity  and  quality,  fo  that  the  extrane- 
ous mixture  prefent  in  this  cafe  cannot  effect  3 
permanent  change. 

Fixed  air  is  not  without  difficulty  combined 
with  pure  phlogifton  (yet  they  appear  united  in 
charcoal)  ( g ) ; and  perhaps  this  union  may  alfo 

be 


(0  “ As  charcoal  ncceflarily  contains  a portion  of 
earth,  it  ought,  I think,  to  be  confidered  as  an  hepar,  or 
fait  of  three  ingredients  ; befidcs,  neither  the  phlogifton  nor 
the  fixed  air  are  quite  pure  ; the  former  is  in  the  oily  ftatc, 
pnd  it  is  probable  that  the  latter  is  only  a conftituent  part 
of  a mpre  compound  acid.”  Morveau. — This  (I  fear  con- 
jectural) 
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be  effe&ed  by  ele&ric  fparks  drawn  quickly 
through  it,  by  which  means  the  fixed  air  is  fo 
loaded  with  phlogifton  as  to  reje£t  an  union  with 
water : if  the  fixed  air  which  olive  oil  holds 
united  with  it  be  again  expelled  by  fire,  and  re- 
ceived in  a vefiel,  it  is  found  either  to  a certain 
degree  changed,  or  mixed  with  heterogeneous 
matters ; for  it  can  now  fuftain  flame,  and  is  al- 
moft  infoluble  in  water  (/z). 

§ XIX. 

jedural)  analyfis  of  charcoal  will  not  be  intitled  to  much 
attention,  if  the  refult  arifing  from  fome  unpublilhed  ex- 
periments made  by  Dr  Priellly  may  be  admitted.  That 
indefatigable  philofopher  is  faid  to  have  converted  almoll 
the  whole  of  a quantity  of  charcoal  into  inflammable  air, 
by  throwing  the  focus  of  a lens  upon  it.  This  fine  experi- 
ment will  veiy  much  contribute  to  fupport  the  opinion, 
that  inflammable  air  and  phlogifton  are  only  different  mo- 
difications of  the  fame  fubftance  ; an  opinion  very  inge- 
nioufly  maintained  by  Mr  Kirwan  in  a late  vol.  of  the 
Phil.  Tranf.  B.  - 

But  it  is  now  a matter  in  difpute,  whether  charcoal  con-^ 
tain  any  inflammable  air  at  all.  Dr  Prieftly  could  not  ob- 
tain any  without  water,  which  is  now  known  to  yield  it. 
This  doubt  cannot  be  finally  refolved,  till  the  tottering 
doftrine  of  phlogifton  is  quite  overturned,  or  replaced 
firmo  talo. 

(' b ) “ thefe  experiments  be  joined  to  thofe  related  in 
the  Elem.  de  Chemie.  Dijon,  vol.  i.  p.  334.  and  vol.  iii. 
P-  3*4-  &c.  it  will  be  evident  that  our  knowledge  of  the 
Combinations  of  fixed  air  with  imflammable  fubftances, 
and  in  particular  with  oils,  is  very  deficient : it  is  not,  for 
inftapee,  eafy  to  comprehend  why  vegetable  alkali  cryftal- 

lizes. 
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$ xix.  Fixed  Air  precipitates  Bodies  dijjolved 
in  pure  Alkalis. 

It  is  ft  known  property  of  acids,  that  they  pre- 
cipitate bodies  diffolved  in  alkalis ; and  the  fame 
may  be  done  by  fixed  air. 

Let 

lizes,  when  immerfed  in  oils,  whether  efiential  or  exprefled, 
without  altering  their  fenfible  qualities  ; why  cauftic  alkali 
reduces  them  to  the  ftate  of  foap,  while  their  rancidity 
feems  to  arife  from  the  lofs  of  fixed  air,  fince  it  is  cor- 
rected by  the  reftitution  of  this  fluid;  and  laftly,  why 
quick  lime  flacks  in  oils  but  very  flowly  and  imperfeCtly. 
The  folution  of  thefe  problems  will  certainly  lead  us  to 
the  difcovery  of  fome  important  truths.”  Morveau. — The 
folution  of  the  laft  problem  would  not  perhaps  be  very  dif- 
ficult, if  we  may  aflume,  with  Profefior  Bergman,  that  in 
quick  lime  calcareous  earth  is  united  with  fixed  fire  ; and 
with  Stahl,  that  fixed  fire  is  phlogifton  ; a liberty,  how- 
ever, for  which  I would  not  very  ftrenuoufly  contend.  As 
oils  are  already  faturated  with  phlogifton,  they  muft  be 
incapable  of  taking  it  from  quick  lime,  and  therefore  this 
fubftance  can  only  lofe  fuch  a portion  as  can  be  tranfmit- 
ted  through  the  oil  into  the  air.  If  fuch  an  explication  of 
the  phsenomenon  was  admifiible,  it  would  feem  to  follow, 
that  quick  lime  cannot  flack  in  fluids  faturated  with  the 
inflammable  principle.  Sed  hoc  ariolari  cji. 

The  reader  will  not  perhaps  be  difpleafed,  if  ]j  tranfcribe 
the  paflages  referred  to  by  M.  dc  Morveau,  cfpecially  as 
they  are  to  be  found  in  a work  not  very  commonly  to  be 
met  with  in  this  country. 

“ Oils  cannot  unite  with  alkalis,  unlefs  they  be  perfect- 
ly cauftic ; but  if  dcliquefcent  alkali  be  poured  into  oil, 

and 
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Let  fulpbur,  diffolved  in  lime-water,  be  expo- 
fed  to  fixed  air  in  the  bottle  q.  r ; immediately 
the  folution  grows  turbid,  depofiting  a lime  which 

eftervefces 

and  the  veflel  remain  for  fome  time  unihaken,  very  fine  cry- 
ftals,  in  the  fhape  of  parallelopipeds  with  oblique  angles, 
will  be  formed  at  the  bottom.  They  form  alike  in  unttuous 
oil,  in  effential  oil  of  turpentine,  and  (till  better  in  animal 
oil.  Now,  as  the  heavier  alkali  falls  to  the  bottom  of 
the  veflel,  we  muft  infer  that  there  is  an  affinity  between 
the  oil  and  fixed  air  ; whether  it  furnifhes  alone  that  which, 
is  attra&ed  by  the  alkali,  or  receives,  at  the  furface  which 
is  in  contaft  with  the  atmofphere,  a quantity  equal  to  that 
which  it  is  obliged  to  yield  to  the  fuperior  attraction  of 
the  alkali. 

“ As  the  rancidity  of  oils  is  occafioned  by  the  diflipation 
of  the  fixed  air  that  formed  a conftituent  part  of  them,  this 
alteration  may  be  prevented  by  reftoring  as  much  as  they 
have  loft.  The  Abbe  Rozier  obferves,  that  if  a fpunge, 
imbibed  with  a foft  pafte  of  alum  and  abforbent  earth,  be 
kept  at  the  bottom  of  a veflel  containing  oil  ; as  the  ab- 
forbent earth  has  atgreater  affinity  with  vitriolic  acid  than 
clay,  a flow  decompofition  of  the  alum  is  effe&ed,  and  a, 
new  fait  is  formed ; but  in  every  fuch  combination  a con- 
fiderable  quantity  of  air  is  extricated,  which,  as  it  efcapes, 
will  mix  with  the  oil,  and  prevent  rancidity  : in  like  man- 
ner ranced  oils  may  be  recovered  by  reftoring  the  fixed  air. 
M.  Sieffert  has  given  a very  good  procefs,  in  which  he 
employs  air  extricated  by  fermentation  : it  confifts  in  mix- 
ing with  the  altered  oil  T\y  of  apples,  plumbs,  or  ftraw- 
berries,  & c.  reduced  into  a pulp  ; in  fetting  this  mixture 
in  a place  where  it  will  ferment,  and  affifting  it  with  a little 
honey,  provided  fermentation  fhould  not  go  on  with  fiiffi- 
cient  rapidity : the  oil,  if  drawn  off  after  this  procefs  is 

oyer. 


6o 


OF  THE  AFRIAL  ACID. 


effervefces  with  acids  becaufe  pure  calcareous 
earth  adheres  more  readily  to  fixed  air  than  it 
does  to  fulphur. 

Hepnr  fulphuris,  prepared  with  fixed  alkali,  is 
likewife  precipitated,  but  fomewhat  more  flowly, 
as  the  aerated  alkali  is  eafily  retained  by  the  wa- 
ter, therefore  in  thb  cafe  the  lulphur  precipitates 
alone;  befides  if  (as  is  ufually  the  cafe)  more  al- 
kali is  prefent  than  is  fufficient  to  difiolve  the  ful- 
phur, no  turbidnefs  is  occafioned,  until  the  fuper- 
abundant  alkali  is  firfl;  completely  faturated. 

J he  volatile  hepar  fulphuris,  which  contains 
fulphur  dilfolved  in  pure  volatile  alkali,  and  is 
commonly  called  the  fulphurated  fmoaking  fpirit 
of  bejuin,  is  very  quickly  and  fpeedily  rendered 
turbid  by  fixed  air.  No  alkali,  except  when  cau- 
ftic,  can  attack  fulphur  ; and  therefore,  upon  the 
acceflion  of  fixed  air,  all  the  alkalis  are  rendered 
unfit  for  retaining  it. 

Liquor  of  flints,  in  the  open  air,  gradually  de- 
pofits  its  filiceous  earth ; a depofition  which  is 
quickly  effe&ed,  if  fixed  air  be  made  to  float  on 
its  furface,  and  that  the  fooner,  as  the  alkali  is 
lefs  predominant.  This  is  the  reafon  why  a flota- 
tion of  alkali  of  tartar,  although  repeatedly  fil- 
tered, 

over,  will  be  not  only  reftored,  but  improved ; fince  oils 
naturally  acrid  may  be  brought,  by  this  method,  almoft  to 
the  mildnefs  of  oil  of  olives.’'  Elcmens  de  Chcmie, 
Pijon.  13. 
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tered,  continues  for  a great  length  of  time  gra- 
dually to  depofit  earthy  flocculi ; for  this  alkali 
contains,  intimately  mixed  with  it,  flinty  par- 
ticles, which  it  has  acquired  either  during  vege- 
tation or  combuftion. — The  calciners  of  pot-afties 
fometimes  fraudulently  add  fand,  in  order  to  in- 
creafe  the  weight ; which,  during  the  operation, 
fo  unites  with  the  allies,  that  the  flinty  matter,  by 
means  of  the  alkaline  falts,  becomes  foluble  in 
water  along  with  them. — This  flinty  matter  after- 
wards gradually  feparates,  in  proportion  as  the 
alkali  is  faturated  with  fixed  air,  with  which  this 
latter  more  willingly  unites.  Now,  as  the  alkali 
is  kept  in  a bottle  with  a narrow  neck,  and  gene- 
rally flopped,  it  mull  receive  the  precipitating 
matter  from  the  atmofphere  very  flowly. — The 
reparation  therefore  proceeds  very  gradually ; but 
if  it  be  diffolved  in  a large  quantity  of  water  con- 
taining fixed  air,  or  if,  from  the  folution  having 
been  long  made,  it  is  fufficiently  loaded  with  fixed 
air,  the  whole  earthy  matter  at  once  falls  to  the 
bottom  (£). 

Soap 

(£)  Hence  we  learn  what  refpeft  is  due  to  M.  Baume’* 
opinion,  which  has  been  frequently  copied  into  elementary 
books,  concerning  the  caufe  of  this  depofition  : according 
to  him,  it  happens  in  confequence  of  a real  decompofition 
of  the  alkali,  of  which  the  conftituent  parts  are  far  lefs  in- 
timately united  than  thofe  of  the  acids.  A portion  of  the 
nearly  pure  fire,  to  which  it  is  indebted  for  its  faline  pro- 
perties. 
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Soap  is  hardly  decompofed  by  fixed  air,  partly 
becaufe  the  alkali  is  almoft  always  fuperabundant, 
partly  becaufe  this  fubtile  acid  among  all  known 
acids  is  the  weakeft,  and  is  accordingly  required 
in  great  quantity ; for  even  of  common  diftilled 
vinegar  no  fmall  quantity  is  requifite  to  feparate  the 
oil  from  the  alkali : the  apparent  difficulty  of  this 
decompofition  is  alfo  occafioned  by  this,  that  the 
fmall  oily  globules  which  are  gradually  feparated, 
being  vifcid,  cannot  eafily  run  together  in  diftin£t 
drops. 

Aerated  as  well  as  pure  volatile  alkali  attacks 
copper ; and  hence  it  happens,  that  neither  in  the 
open  air,  nor  by  the  addition  of  vitriolic  acid,  is 
this  folution  made  turbid  or  precipitated. 


perties,  is  dilfipated,  and  a proportional  quantity  of  earth 
is  feparated,  and  falls  to  the  bottom  this  fait  may  be  ea- 
fily decompofed,  by  driving  off  the  air  and  fire  that  are  a- 
mong  its  conftituent  parts  : at  the  end  of  thefe  operations, 
the  earth  and  water,  the  other  conftituent  parts,  may  be 
collefted  feparately.  Chymie  Exp.  & Raifonn.  tom.  i. 
p.  g22, — Of  M.  Baume’s  work,  whatever  merit  the  experi- 
mental part  may  poffefs,  candour  muft  allow,  that  it  is  too 
full  of  idle  fpeculations  and  groundlefs  conje&ures  ; and 
that  the  inexperienced  reader  cannot  be  put  too  much  on 
his  guard  againft  being  milled  by  fuch  falfe  lights.  I was 
defirous  of  an  opportunity  to  introduce  this  caution,  and 
to  confirm  it  by  an  example,  as  M.  Baume’s  Chymiftry  has 
been  ftrongly  recommended  to  the  attention  of  Englilh  ftu*- 
dents  by  Dr  Watfon,  in  his  popular  Eflays.  B. 
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§ xx.  The  fimple  elective  Attractions  of  fixed 

Air . 

We  have  feen,  in  the  foregoing  fe&ions,  that 
fixed  air  unites  with  alkaline  falts,  with  earths, 
and  metals,  after  the  manner  of  an  acid  j it  re- 
mains now  to  examine  the  different  degrees  of  in- 
tenfity  with  which  it  attrafts  thefe  different  mat- 
ters.— I mixed  them  in  their  pure  Rate  with  aera- 
ted fubftances,  and  kept  them  in  diflilled  water, 
and  in  bottles  which  were  immediately  clofed, 
left  the  accefs  of  heterogeneous  matter  fhould 
render  the  conclufton  ambiguous  ; I then  accu- 
rately obferved  fuch  changes  of  weight  and  quality 
as  could  be  fubfervient  to  the  end  propofed. 

(a)  I added  aerated  terra  ponderofa  to  pure 
vegetable  alkali ; but  after  a few  days  neither  was 
the  former  diminifhed  in  weight,  nor  the  acrimo- 
ny of  the  latter  in  the  leaft  mitigated.  Terra  pon- 
derofa, therefore,  retains  fixed  air  with  greater 
force  than  the  vegetable  alkali  attracts  it,  which 
is  alfo  confirmed  by  mixing  the  pure  terra  ponde- 
rofa with  a folution  of  the  lame  alkali  aerated  j for 
then  the  terra  ponderofa  is  increafed  in  weight, 
and  becomes  mild,  and  the  alkali  is  rendered 
cauftic.  If  vegetable  alkali,  perfe&ly  pure,  be 
added  to  water  loaded  with  pure  terra  ponderofa, 
no  precipitation  takes  place  j but  if  the  alkali  be 

aerated? 
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aerated,  immediately  a turbidnefs  arifes,  the  alkali 
is  rendered  cauftic,  and  the  terra  ponderofa  pre- 
cipitates aerated  ; but  fince,  agreeably  to  its 
ftrength  (/),  terra  ponderofa  is  faturated  by  a ve- 
ry fmall  portion  of  fixed  air,  we  muff  determine 
the  quantities  to  be  mixed  together  (§  vii.  vm. 

now  100  parts  of  aerated  vegetable  al- 
kali contain  as  much  fixed  air  as  is  fuflicient  to  fa- 
turate  390  parts  of  pure  terra  ponderofa,  if  each 
of  the  materials  be  difengaged  (compare  alfo  b.) 

All  the  circumftances  juft  now  mentioned  take 
place  when  lime  is  ufed  inftead  of  terra  ponde- 
rofa, except  the  proportions,  which  in  this  cafe 
are,  that  100  parts  of  aerated  alkali  cannot,  with 
its  fixed  air,  faturate  more  than  68  parts  of  pure 

lime. 

Let  263  parts  of  mineral  alkali,  newly  cryftal- 
lized,  and  100  parts  of  pure  vegetable  alkali,  be 
diffolved  together  in  300  parts  of  warm  water ; 
then  let  the  folution  evaporate  over  the  fire,  in  a 
proper  veffel ; and  let  the  pellicles  which  fuccef- 
fively  appear  on  the  furface  be  taken  away,  and 
collected  in  a cone  of  filtering  paper,  fo  as  to  be 
freed  from  the  adhering  cauftic  liquor ; and  let 
this  be  continued  until  the  pellicles  make  up  from 
150  to  200  parts;  thefe,  upon  examination,  are 
found  to  be  the  true  vegetable  alkali  aerated ; and 
the  remaining  lixivium  contains  the  mineral  al- 

(/)  Vid.  Seft.  K-m- 

kali 
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kali  in  a cauftic  Rate  : hence  we  may  eafily  fornt 
a judgement  concerning  the  fuperiority  of  attrac- 
tion between  the  vegetable  and  mineral  alkalis. 

93  parts  of  aerated  volatile  alkali  give  over  tlfeit* 
fixed  air  to  ioo  parts  of  pure  vegetable  alkali,  and 
affume  a cauftic  nature,  but  the  latter  portions  are 
more  flowly  decompofed. 

1 68  parts  of  aerated  magnefia  contain  only  fo 
much  fixed  air  as  is  fufficient  to  faturate  i o©  patrts 
of  pure  vegetable  alkali. 

We  have  already  obferved,  that  metals  dilfolved 
in  water  by  means  of  fixed  air  are  precipitated  by 
cauftic  vegetable  alkali. 

(b)  What  has  been  already  faid  of  the  vegetable 
alkali  holds  good  with  refped  to  the  mineral,  with 
relation  to  terra  ponderofa,  lime,  volatile  alkali,, 
magnefia,  and  metals,  only  changing  the  propor- 
tions ; but  it  is  in  general  to  be  obferved,  that  the 
numbers  coming  out  in  any  cafe,  according  to  the 
principles  already  eftablifhed,  only  indicate  accu* 
rately  how  much  fixed  air  is  fufficient  to  faturate 
the  fubftance  employed,  when  at  liberty;  but  as 
the  operation  proceeds  much  more  eafily  at  the  be^ 
ginning  than  at  the  latter  end,  the  complete  refo- 
lution  frequently  requires  double,  triple,  or  even 
ix  times  the  quantity  of  the  decomponent. 

(c)  Volatile  alkali  lurrenders  its  fixed  air,  not 
on  y to  terra  ponderofa,  lime,  and  fixed  alkalis, 

add  r ‘Vi"6  niagncf,a ; fof  this  laft>  being 
added  to  a folutton  of  aerated  volatile  alkali,  J. 

VOL.  I. 
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quires  the  power  of  effervefcing,  and  renders  the 
alkali  pure. 

(d)  Aerated  terra  ponderofa,  fo  far  as  I have 
yet  been  able  to  obferve,  neither  is  itfelf  ct^anged, 
nor  occafions  any  change  . in  lime-water  ; but 
when  burned  and  diffolved  in  water,  it  fomewhat 
obfcures  the  tranfparency  of  the  calcareous  fpar 
added  to  it ; but  the  difference  of  the  attra&ive 
force  of  thefe  bodies  is  fo  fmall,  that  the  preva- 
lence of  the  terra  ponderofa  is  not  yet  quite  free 
from  doubt.— Magnefia  moft  certainly  gives  out 
sts  fixed  air  to  terra  ponderofa. 

Terra  ponderofa,  diflolved  by  fuperabundant 
fixed  air,  is  precipitated  by  all  alkalis,  by  pure 
lime,  and  pure  magnefia ; all  which  bodies,  by 
abforbing  the  fuperabundant  menftruum,  reduce 
the  terra  ponderofa  to  exa<ft  faturation,  in  which 
Rate  it  is  indiffoluble  in  water,  § x. 

(f.)  If  aerated  magnefia  be  put  into  water  load- 
ed with  pure  lime,  it  foftens  the  acrimony  of  the 
lime-water,  and  a lime,  poffeffing  the  property  of 
effervefcing,  is  at  length  found  at  the  bottom,  to- 
gether with  pure  magnefia.  Lime,  diffolved  by 
means  of  the  fuperabundant  fixed  air,  exhibits  the 
fame  phenomena  as  the  terra  ponderofa  in  the  fame 
Rate ; for  the  menftruum,  when  fuperabundant, 
adheres  more  loofcly  than  when  it  is  only  fufficient 

for  faturation.  I 

(f)  Pure  magnefia  is  not  foluble  in  water,  fo 

far  as  is  yet  known  5 but  if  it  be  taken  up  by 

means 
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means  of  fixed  air,  it  is  precipitated  by  alkalis, 
terra  ponderofa,  and  lime.  When  they  are  cau- 
ftic,  the  precipitate  is  fometimes  pure,  lometimes 
aerated,  in  proportion  to  the  quantity  of  the  pre- 
cipitant ; — for  the  fmall  portion  which  can  be  fa- 
turated  by  the  fuperabundant  fixed  air,  reduces 
the  magnefia  to  a date  of  faturation  ; fo  that,  be- 
ing rendered  indiffoluble,  it  falls  for  the  mod  part 
to  the  bottom,  unlefs  the  quantity  of  water  be 
large;  and  even  the  pure  volatile  alkali  is  able  to 
effeft  this  precipitation  (§  x 1 1 ),  although  inferior 
in  attractive  power  (c).  Terra  ponderofa  and  lime 
applied  in  the  fame  way,  being  themfelves  fatura- 
ted,  fall  in  like  manner  to  the  bottom  ; but  if  the 
fird-mentioned  fubdances  be  added  in  fufficient 
quantity  to  the  magnefia,  they  not  only  feize  the 
fuperabundant  fixed  air,  but  alfo  that  which  is  ne> 
ceffary  to  faturate  the  magnefia,  which  therefore, 
in  this  cafe,  is  precipitated  pure  (g).  Metallic 
bodies  difTolved  by  fixed  air  (§  xiv. — xvi.)  are 
precipitated  by  alkalis,  or  earths  when  caudic. 
As  to  zinc,  its  folution,  like  that  of  the  red, 
grows  turbid  with  pure  volatile  alkali ; but  be- 
ing gently  diaken,  the  clouds  again  difappear,  be- 
caufe  the  volatile  alkali  eafily  diffolves  this  femi- 
rnetal.  < « 

Alkalis  fully  aerated,  as  alfo  magnefia  and  lime 
in  the  fame  date,  do  not  at  all  didurb  the  metal- 
lic folutions,  when  newly  made ; but  if  they  be 
expofed  either  to  the  open  air  or  to  heat,  fo  that 

2 part 
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part  of  the  fixed  air  {hall  have  flown  off,  and  the 
remainder  adhere  but  {lightly,  a reparation  is  oc- 
cafioned,  owing  to  the  flight  connexion  which 
now  takes  place  between  the  metals  and  the  wa- 
ter. 

It  is  well  known  that  zinc  precipitates  all  the 
other  metals  from  menftrua ; and  that  this  would, 
in  the  prefent  inftance,  take  place,  I have  no 
doubt,  provided  the  quantity  of  fixed  air  could  be 
fo  adjufted  as  to  be  fufficient  only  to  diffolve  one 
of  the  metals ; but  this  can  hardly  be  hoped  for  : 
fo  long,  therefore,  as  the  menftruum  is  fufficient 
for  diffolving  two  or  more  together,  neither  any 
feparation  or  precipitation  will  be  obferved.  I 
have  added  filings  of  iron  to  folutions  of  zinc, 
both  in  the  ftate  of  regulus  and  of  calx ; and  a- 
gain,  to  folutions  of  iron  I have  added  zinc,  and 
after  fome  days  1 have  found  the  metals  lafl:  added 
partly  difl'olved,  without  any  reparation  of  the  for- 
mer. It  may  therefore  be  alked,  Why  the  aera- 
ted water  does  not  take  up  the  former  to  fatura- 
tion,  as  we  find  that  it  can  afterwards  attack  the 
latter  ? The  following  explanation  appears  to  me 
to  be  mofl  fatisfa&ory  Aerated  metals  are  falts 
extremely  dilficult  of  folution,  fo  that  by  expe- 
rience we  find  that  only  a very  minute  portion  of 
them  can  be  taken  up  by  water  ; water,  however, 
when  faturated  with  one  fait,  not  only  does  not 
refufe  to  take  up  more,  but  the  prefence  of  many 
increafes  their  mutual  folubility  j which  may  be 
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illuftrated  by  feveral  examples  : thus,  when  fatu- 
rated  with  nitre,  it  will  not  only  take  up  common 
fait,  but,  being  fully  faturated  with  the  latter,  will 
again  diffolve  more  nitre.  In  the  prefent  inftance, 
this  is  the  lefs  wonderful,  as  we  know  for  certain, 
that  the  firft  metal  leaves  untouched  a fufficient 
quantity  of  the  menftruum  (fixed  air)  for  the  fo~ 
lution  of  the  latter. 

If,  therefore,  a table  of  affinities  is  to  be  drawn 
up  for  the  metals,  we  have  no  reafon  for  departing 
from  that  wffiich  belongs  to  the  other  acids ; — that, 
namely,  which  has  zinc  firft,  manganefe  next,  and 
laft  iron. 

We  deduce,  therefore,  from  the  preceding  ex-, 
periments,  the  following  table  of  elective  attrac* 
tions. 

Aerial  Acid, 

Pure  terra  ponderofa 
lime 

fixed  vegetable  alkali 

— — fixed  mineral  alkali 

•  magnefia 

•  volatile  alkali 

zinc 

manganefe 

iron. 

(h)  With  refpe£t  to  the  acids  hitherto  known, 
the  aerial  appears  to  be  the  weakefl  j for  it  is  ex- 
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pelled,  not  only  by  vinegar,  but  by  the  phlogifti- 
cated  acids  of  nitre  and  vitriol.  In  the  mean  time, 
however,  I have  more  than  once  feen  water  load- 
ed with  the  very  pureft  fixed  air  (which  had  been 
extricated  by  fermentation,  fire,  or  nitrous  acid) 
grow  turbid  with  a folution  of  lead  in  vinegar  ; 
yet,  although  at  other  times  I had  difpofed  the 
quantities  of  the  ingredients,  and  every  other  cir- 
cumftance,  in  the  fame  way,  no  veftige  of  turbid- 
nefs  appeared.  It  is  known  that  boiling  vinegar 
takes  up  ceruffe,  and  expels  its  fixed  air.  Per- 
haps, then,  old  cryftals  lofe  by  age  a part  of  the 
vinegar ; perhaps  they  are  decompofed  by  abun- 
dance of  water,  fo  that  the  aerated  water  can  take 
up  the  calx  of  the  lead,  and  with  it  form  a fait 
which  altogether  reje&s  water,  but  is  diffolved  a - 
gain  in  the  vinegar,  without  any  vifible  effervef- 
cence. — I leave  this  queftion  undecided,  until  I 
can  explain  the  caufe  of  difagreement  between  thefe 
experiments : I do  not  make  ufe  of  the  vitriolic 
acid,  as  the  very  fmallefl  mixture  of  that  acid  pre- 
cipitates acetated  lead. 

§ XXI. 

Pure  volatile  alkali  cannot  precipitate  either 
terra  ponderofa,  lime,  or  magnefia,  diffolved  in 
any  common  acid  ; but  aerated  volatile  alkali  ef- 
fects fuch  a precipitation  very  readily  : hence,  al- 
though the  former,  by  many  experiments,  plainly 
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appears  to  be  the  ftronger,  yet  fome  perfons,  fioin 
this  circumftance,  (the  true  reafon  of  which  they 
do  not  underhand),  think  it  weaker.  But  the 
truth  is  quite  otherwife ; namely,  the  volatile  al- 
kali attracts  all  acids  with  much  lefs  force  than 
lime  (I  take  this  inftance  only  by  way  of  ex- 
ample) ; therefore,  when  that  fait  is  pure  or  alone, 
no  decompofition  takes  place  ; but  if  it  be  impreg- 
nated with  fixed  air,  then  a fourth  fubllance  is 
added,  which  attracts  the  lime,  fo  that  the  calca- 
reous fait  is  aCted  upon  by  a double  force ; onre 
the  attraction  of  the  pure  alkali,  foliciting  the  acid, 
the  other  that  of  the  fixed  air  for  the  lime  ; and 
thefe  forces  joined  together  overcome  the  original 
adhefion  of  the  lime  with  the  acid. 

The  fame  is  to  be  faid  of  aerated  magnefia, 
which  in  like  manner  decompofes  calcareous  falts. 

Befides,  although  pure  fixed  alkalis  can  fepa- 
rate  acids  from  many  earths,  and  from  metals,  it 
does  not  follow,  that  this  procefs  may  not  be  per- 
formed by  a double  decompofition,  when  the  al- 
kalis employed  are  aerated.  Hence  that  remark- 
able difference  of  weight  which  is  often  obferved 
in  precipitating  the  fame  fubftance.  Let  1 00  parts 
of  calcareous  fpar  be  diffolved  in  an  acid ; thefe, 
precipitated  by  cryftallized  fixed  alkali,  being  ac- 
curately collected,  wafhed,  and  dried,  yield  near- 
ly 100  parts  again,  fimilar  in  their  nature  and  pro- 
perties to  crude  lime.  But  if  the  operation  be 
performed  with  pure  alkali,  the  precipitate  will 
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not  be  more  than  0,55,  and  agrees  in  properties 
with  burned  and  flacked  lime  ; and  the  fame  is 
true  of  all  fubftances  which  in  their  natural  ftate 
abound  with  fixed  air.  Metals  indeed  differ  in 
this  refpett  ; yet  they  too  gain  from  aerated  pre- 
cipitants  a confiderable  increafe  of  weight ; for  in- 
ftance — mercury  4-,  iron  nearly  an  equal  weight, 
and  fo  on.  Silver  diflolved  in  nitrous  acid  is  more 
eafily  precipitated  by  aerated  than  by  cauftic  al- 
kali, andithe  precipitate  is  heavier.  Thefe  accef-  . 
fions  of  weight  are  to  be  attributed  to  the  fixed 
air,  which  being  expelled  by  the  ftronger  acid, 
adheres  to  the  deferted  metal,  and,  according  to 
its  quantity,  alters  not  only  the  weight,  but  fome- 
times  even  the  colour.  We  faid  before,  that 
pure  vegetable  alkali  precipitates  corrofive  fubli- 
mate  of  a ferruginous  colour,  but  when  fully  aera-? 
ted  of  a white  (§  vii.):  we  faidalfo,  that  the  mi- 
neral alkali  can  never  produce  a white  calx  of  mer- 
cury (§  viii.)  : let  us  now  fee  the  reafon. 

Let  there  be  precipitated  only  fo  much  as  is 
united  with  100  parts  of  marine  acid,  and  let  the 
precipitation  be  made  with  vegetable  alkali,  fully 
aerated;  for  which  purpofe  about  415  are  necef- 
fary ; for  100  parts  of  marine  acid  require  199  of 
pure  vegetable  alkali  (§  viii.)  ; and  thefe  199  can 
receive  84  of  fixed  air,  and  132  of  water  (§  vii.). 
But  if  the  mineral  alkali  be  ufed,  100  parts  of 
marine  acid  require  only  80  parts  of  alkali ; which 
\n  cryftallization  receive  64  part§  of  fixed  air,  and 
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256  of  water.  Since,  therefore,  the  mercurial 
calx,  in  this  inftance,  requires  84  parts  of  fixed 
air  to  be  made  white,  and  the  mineral  alkali  fuffi- 
cient  for  the  precipitation  can  fupply  only  64,  it 
appears  plainly  why  this  alkali  cannot  throw  down 
a white  precipitate  (in'). 

It  is  very  probable  that  even  the  calxes  of  the 
bafer  metals,  although  prepared  by  fire,  are  not 
altogether  void  of  fixed  air. — With  refpeCt  to  old 
flowers  of  zinc,  I entertain  no  doubt,  as  they  ef- 
fervefee  with  acids,  and  yield  a fluid  endowed 
with  all  the  properties  of  fixed  air ; when  newly 
made,  they  fcarcely  excite  any  fenfible  motion ; 
qnd  even  the  old  ones,  by  roafting,  are  deprived 
of  that  volatile  menftruum  which  they  had  at- 
tracted from  the  atmofphere.  The  fame  holds  of 

( m ) “In  order  to  complete  the  proof  of  this  fine  theory, 
it  would  perhaps  be  requifite  to  Ihow  that  the  quantity  of 
mercury  which  maybe  combined  with  100  parts  of  marine 
acid,  takes  up  more  than  64  parts  of  fixed  air,  when  it  is 
precipitated  by  cryftallized  vegetable  alkali ; for  it  is  not 
eafy  to  prefume  that  this  really  happens,  when  it  is  confi- 
dered,  that  the  author  has  juft  afferted,  that  this  metal 
gains,  by  fuch  a precipitation,  an  addition  of  only  one  third 
of  its  weight.  It  may  be  moreover  obferved,  that  feveral 
phamomena  indicate  the  prefence  of  a quantity  of  phlogi- 
fton  in  the  intimate  conftitution  of  fofiil  alkali.  I have  fhewn 
that  it  reduces  gold,  in  the  fame  circumftances  in  which  ve- 
getable alkali  affords  only  an  earthy  precipitate. (El.  de 

Chem.  Dij.  tom.  ii.  p.  3 10).  Now  the  colour  of  the  mer- 
curial precipitate  may  be  explained  juft  as  fatisfaftorily  by 
this  hypothefis.”  Jdorveau. 
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old  ceruffe ; — new  ceruffe  I have  not  yet  examk 
ned  (72). 

§ xxii.  Fixed  Air  is  a true  Acid. 

From  the  foregoing  experiments,  we  may  con- 
clude concerning  the  agreement  of  fixed  air  with 
acids ; for  from  them  it  appears  that  this  vapour 
excites  a diftinct  fenfation  of  tafte  upon  the  tongue 
(§  V.);  that  it  reddens  tin&ure  of  turnfole  (§  vi.); 
that  it  attacks  fixed  alkalis  violently,  and  renders 
them  mild  ; that  a fmaller  quantity  of  it  than  of 
the  ftronger  acids  faturates  them,  renders  them 
cryftallizible,  and  lefs  foluble  (§  vii.  vni.);  that 
by  its  union  it  makes  volatile  alkali  more  fixed, 
lefs  odorous  and  penetrating,  and  cryftallizes  it 
(§  ix.)  5 that  when  it  juft  faturates  pure  lime,  it 
takes  away  its  folubility  and  acrimony,  and  cry- 
ftallizes it,  but  that  when  fuperabundant,  it  ren- 
ders it  again  foluble  (§  xi.) ; that  it  produces  the 
fame  effects  with  terra  ponderofa  (§  x.) ; that  with 
magnefia,  it  conftitutes  a neutral  cryftallizable 

earthy  fait  (§  xii.)  5 that  Wlth  iron’  zinc’  and 
manganefe,  it  forms  fairs,  which,  when  diffolved 

(«)  “ This  obfervation  is  of  great  importance,  as  it  an- 
nounces a metallic  earth,  free  from  all  combination,  either 
with  phlogilton  or  the  aerial  acid  ; and  as  it  furnifhes  the 
firft  exception  to  this  general  rule,  That  the  metals  do  not 
lofe  their  metallizing  principle,  but  to  unite  with  another 
menltruum,  and  reciprocally.”  Morvcau. 
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in  water,  redden  the  tinfture  of  turnfole,  like  all 
other  metallic  falts  (§  xiv. — xvi.) ; that  it  exett> 
elective  attractions,  both  fimple  and  double,  alter 
the  manner  of  acids  (§  xx.  xxi.) , that  it  pre- 
cipitates fubftances  diffolved  in  pure  alkalis 
(§xix.);  that  its  laft  particles,  notwithftanding 
its  extraordinary  volatility,  adhere  very  tenacioufly 
to  boiling  water,  and  are  not  without  great  diffi- 
culty entirely  feparated  from  it,  but  that  by  con- 
gelation they  are  eafily  detached,  in  the  fame 
manner  as  by  that  fame  degree  of  cold  the  weak 
acids  are  concentrated  (§  iv.)  ; and  finally,  that  it 
greedily  attracts  phlogifticated  matters  (§  xvm.). 
Every  one  of  thefe  properties  belong  to  acids  in 
general,  and  moll  of  them  are  confidered  as  cha- 
rafteriftic  marks  which  are  peculiar  to  acids,  and 
diftinguilh  them  from  all  other  fubftances : either 
then,  fixed  air,  being  endowed  with  all  thefe 
qualities,  is  an  acid,  or  we  are  reduced  to  con- 
fefs  that  no  certain  criterion  of  acids  is  yet  known. 

The  acidity  of  fixed  air  being,  as  I think,  de- 
monftrated,  many  reafons  induce  me  to  apply  to 
it  the  name  of  aerial,  or  atmofpheric  acid,  as  be- 
ing adapted  to  its  nature.  It  fo  much  refembles 
common  air  in  levity,  tranfparency,  elafticity,  and 
other  properties,  that  it  is  only  of  late  they  have 
begun  to  be  diftinguilhed. — Befides,  in  that  aerial 
ocean,  which,  under  the  name  of  atmofphere, 
furrounds  our  globe,  this  vapour  is  continually 
prefent,  either  free  or  entangled  in  combination 
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with  other  bodies.  Its  exiftence  in  the  former 
Rate  is  manifeftly  feen  in  phenomena  which  daily 
occur ; lime-water  every  where  feparates  a cream, 
when  expofed  to  the  open  air,  which  does  not 
happen  in  bottles  perfectly  clofed ; and  never  can 
happen,  unlefs  fixed  air  be  in  contact  with  its  fur- 
face  (§  xi.).  Quick  lime,  expofed  for  a long 
time  to  the  atmofphere,  by  degrees  recovers  what 
it  had  loft  in  the  fire,  fo  as  entirely  to  re-affume 
the  nature  of  crude  lime,  and  be  unfit  for  the 
mafon’s  ufe,  unlefs  it  be  again  deprived  of  its  acid. 
Terra  ponderofa  and  magnefia,  reduced  to  a ftate 
of  purity,  in  like  manner  recover  from  the  open 
air  their  weight,  power  of  effervefcing,  and  other 
loft  qualities.  Pure  alkalis  are  made  mild  in,  the 
open  air,  lofe  their  deliquiating  quality,  and  form 
cryftals  which  effervefce  with  acids,  circumftances 
which  can  only  be  afcribed  to  their  attracting  fix- 
ed air.  Since  then,  thefe  phenomena  all  take 
place  at  every  time,  and  in  every  part  of  the 
world,  a quantity  of  uncombined  fixed  air,  by  no 
means  inconfiderable,  muft  be  perpetually  prefent 
in  the  atmofphere. 

But  it  is  not  only  in  an  elaftic  and  difengaged 
ftate  that  fixed  air  furrounds  us,  but  it  alfo  feems 
to  conftitute  a primary  principle  of  common  air. 
This  ingenious  conjecture  of  the  indefatigable  Dr 
Prieftly  comes  now  to  be  examined. 

The  experiment  indicating  this  compofition  of 
qtmofpheric  air,  is  as  follows : — Let  tiflCture  of 
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turnfole  include  a bubble  of  common  air  in  a glafs 
tube,  bended  into  the  form  of  a fyphon  ; let  ei- 
ther leg,  filled  to  a certain  height  with  mercury, 
be  immerfed  in  a veflfel  filled  with  that  fluid  metal ; 
then,  by  means  of  an  ele&rical  machine,  let 
ftrong  fparks  be  plentifully  palled  from  the  mer- 
cury in  one  leg,  through  the  bubble  in  the  other. 

' This  being  continued  for  fome  minutes,  the  fur- 
face  of  the  tin&ure  will  be  found  to  rife  higher  in 
both  legs,  and  to  change  its  blue  colour  to  a red  ; 
the  tincture,  thus  reddened,  recovers  its  blue  co- 
lour in  the  open  air.  If,  inftead  of  the  tin&ure, 
lime-water  be  ufed,  it  is  rendered  turbid,  and 
depofits  an  effervefcing  lime.  In  this  cafe  then, 
the  air  feems  to  be  decompofed,  and  to  be  divi- 
ded into  two  different  elaftic  fluids,  one  of  which 
tinges  the  tincture  of  turnfole  with  a fugitive  red, 
is  abforbed  by  water,  and  precipitates  lime  water, 
that  is,  is  endowed  with  all  the  criteria  of  fixed 
air  *,  but  the  other  fluid  does  not  combine  with 
water,  extinguilhes  flame,  and  deftroys  animal 
life,  as  it  fuffers  no  change  from  the  vapour  of 
phlogifticated  nitrous  acid.  That  thefe  phenome- 
na do  not  depend  upon  the  eledric  fluid  alone, 
appears  plainly  ; for  if,  by  means  of  an  air-pump, 
the  bubble  of  air  be  fo  dilated  that  all  the  redden- 
ed tin&ure  is  expelled  from  the  legs  of  the  fy- 
phon, and  in  its  place  a bine  tin&ure  be  poured 
in,  to  the  fame  height,  then,  though  the  fparks 
be  palled  through  the  bubble,  as  before,  no  vef- 
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tiges  of  fixed  air  appear.  Hence  then  it  appears, 
that  fomewhat  which  reddens  tincture  of  turnfole, 
and  precipitates  lime-water,  is  found  in  the  air, 
and  has  been  taken  away  in  the  former  operation. 

We  now  know  that  common  air  confifls  of 
three  elaflic  fluids  mixed  together,  viz.  lfl,  of 
the  aerial  acid,  in  its  difengaged  Rate,  but  in  fo 
fmall  a quantity,  that  it  alone  cannot  impart  a vi- 
able rednefs  to  tincture  of  turnfole  ; 2d,  of  an  air 
unfit  for  fu Raining  flame,  or  being  fubfervient  to 
refpiration  (this  we  may  call  vitiated  air  (0),  until 
we  are  better  acquainted  with  its  nature  and  pro- 
perties) *,  and  3d,  of  air  indifpenfably  neceflary  to 
flame,  and  animal  life,  which  forms  only  about 
one  fourth  of  common  air,  and  which  1 call  pure 
air.  Here  a queftion , may  arife,  which  of  thefe 
fluids  has  been  altered  by  the  ele&ric  aura  ? I am 

(0)  The  nature  of  this  elaftic  fluid,  which  Dr  Prieftly 
has  denominated  phlogijiicated,  feems  to  have  been  lefs  elu- 
cidated than  that  of  almoft  every  other  fpecies.  It  is  ge- 
nerated by  phlogiftic  procefles,  and  immerfion  of  animal 
fubftances  in  nitrous  acid : it  is  fpecifically  lighter  than  at- 
mofpheric  air ; is  fatal  to  refpiring  animals,  though  fome 
infe&s  live  in  it ; it  is  reltored  by  vegetation,  and  in  fome 
degree  by  agitation,  in  orange-coloured  nitrous  acid  B. 
This  obfcurity  has  been  cleared  up  by  Mr  Cavendifli, 
whofe  late  difcoveries  have  rendered  more  fervice  to  che- 
miflry  than  thofe  of  any  perfon  fince  Dr  Black.  If  we 
admit  the  exigence  of  phlogifton,  it  is  nitrous  acid  and 
phlogillon  ; if  we  rejed  it,  it  is  nitrous  acid  deprived  of 
all  its  vital  air  or  acidifying  principle  ; in  other  words,  a 
conltiluent  part  of  nitrous  air  and  nitrous  acid. 
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inclined  to  think  the  latter,  inafmuch  as  it  attrads 
phlogifton  more  violently  than  even  the  nitrons 
acid  does : let  us  now  fuppofe  this  air  compound- 
ed of  two  principles,  namely,  of  the  aerial  acid., 
and  fome  other  fubftance,  which  unites  more 
readily  with  the  ele&rical  phlogifton  than  with 
the  aerial  acid  ; when  the  electrical  phlogifton 
therefore  is  added,  the  aerial  acid  is  feparated, 
and,  as  it  were,  precipitatedv  Although  all 
this  appears  very  probable,  yet  other  experi- 
ments, in  which,  by  means  of  phlogifton,  air 
is  changed,  without  any  appearance  of  the  extri- 
cation of  fixed  air,  prevent  us  from  concluding 
with  certainty  concerning  the  compofition  of  the 
air.  Let  us  ufe,  as  an  example,  the  fulphurated 
fait  of  Stahl.  I expoled  (trips  of  linen,  wet  with 
cauftic  vegetable  alkali,  for  a fufficient  time  to 
the  fumes  of  burning  fulphur ; I then  put  them 
into  different  cucurbits,  and  preffed  them  to  the 
bottom,  (hut  the  mouths  very  clofely  with  wet 
bladders,  and  kept  them  in  an  heat  of  about  i8° 
for  16  days; — at  the  end  of  that  time  I opened 
the  mouth  of  one  cucurbit  under  the  furface  of 
tincture  of  turnfole,  which  immediately  rufhing 
in,  filled  a little  more  than  A of  the  cavity  : hence, 
therefore,  it  appears,  that  the  phlogifton  had  by 
degrees  deferted  the  vitriolic  acid,  and  changed 
the  included  air,  yet  no  rednefs  could  be  percei- 
ved in  the  tin&ure.  I opened  the  mouth  of  an- 
other cucurbit,  under  lime  water,  which  entered 

* * 


8o 


OF  THE  AERIAL  ACID. 


in  the  fame  manner,  but  fliewed  no  figns  of  tur- 
bidnefs  (/;).  If  ele&rical  fparks  extricate  fixed 
air,  purely  by  the  addition  of  phlogifton,  why 
does  not  the  fame  extrication  take  place  in  this 
laft  experiment  ? — It  is  indeed  true,  that  in  the 
former  cafe  the  ele&rical  phlogifton  penetrates  the 
whole  mafs  much  more  violently,  and  thence  may 

( p ) Was  the  fixed  air  produced  in  this  experiment  ab- 
forbed  by  the  vitriolated  tartar,  as  it  was  gradually  form- 
ed, in  confequence  of  the  diffipation  of  the  phlogifton  ? ■ 
Perhaps  this  conjecture  will  not  appear  fo  very  improbable, 
if  we  confider  that  Dr  Prieftly  obtained  from  \ an  ounce  of 
that  neutral  fait,  ii  ounce  meafure  of  air,  chiefly  fixed; 
vol.  ii.  p.  1 1 6. — See  alfo  vol.  v.  p.  164,  where  he  fays,  that 
he  procured  fixed  air  mixed  with  another  fpecies  of  elaftic 
fluid,  both  from  vitriolated  tartar  and  Glauber’s  fait. 

M.  Morveau  contends,  that  the  experiment  above  rela- 
ted only  proves  that  fixed  air  is  produced  by  the  eleCtric 
fpark  taken  in  common  air  ; and  that,  when  a given  quan- 
tity of  air  has  been  once  expofed  to  the  influence  of  that 
fluid,  no  more  fixed  air  is  produced  by  frefh  fparks.  He 
inclines  to  think  that  fixed  air  is  generated  by  the  com- 
bination of  fome  other  principle  with  pure  air.  Thofc 
who  adopt  the  opinion  fo  ingenioufly  maintained  by  Mr 
Kirwan,  in  vol.  lxxii.  of  the  Phil.  Tranf.  that  fixed  air  con- 
fifts  of  dephlogifticated  air  and  phlogifton,  will  readily 
fuppofe,  that  the  fixed  air  is  generated,  not  difengaged,  by 
the  eleftrical  fire.  B. 

We  have  been  fince  taught  by  Mr  Cavendilh,  that  the 
aerial  acid  comes  from  the  turnfole,  which  is  burned  by 
the  eleCtric  fpark  ; and  that  lime-water  is  not  rendered 
turbid  in  this  experiment. 

perhaps 
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perhaps  decompofe  fome  primary  principle ; and 
perhaps  if  the  circumftances  of  our  experiment 
were  charged,  the  fame  effedt  will  be  produced  ; 
but  the  laws  of  found  reafoning  oblige  us  to  fuf- 
pend  our  judgement  until  a number  of  apt  expe- 
riments fliall  determine  the  truth. 

In  the  mean  time  fixed’ air  may  with  great  pro- 
priety be  called  the  aerial,  or  (if  more  agreeable) 
the  atmofpheric  acid ; it  might  alfo  be  called  the 
univerfal  acid,  as  it  is  found  in  great  abundance 
throughout  all  nature : but  as  it  is  ufual  by  that 
denomination  to  indicate  that  faline  principle  which, 
differently  modified,  produces  all  the  other  acids 
and  alkalis ; and  as  thefe  properties  cannot  as  yet 
be  affirmed  of  fixed  air,  1 think  we  fhould  abflain 
from  that  name,  as  being  ambiguous.  I am  not 
ignorant  that  the  volatile  alkali,  and  the  marine 
acid,  contain  phlogifton  as  one  of  their  primary 
principles ; and  that,  being  fpoiled  of  the  inflam- 
mable principle,  they  are  refolved  into  elaftic  va- 
pours : but  the  vapours  which  are  in  both  cafes 
obtained,  although  not  condenfable  by  cold,  arc 
not  of  the  fame  nature,  and  neither  of  them  is  fi- 
milar  to  fixed  air.  The  vitriolic  acid,  which  is 
fuppofed  to  be  contained  in  the  atmofphere,  is 
neither  every  where,  nor  at  all  times,  to  be  found 
there  : I have  for  feveral  years,  by  means  of  the 
purefl  fixed  alkali,  endeavoured  to  obtain  it,  but 
have  not  as  yet  obtained  a Angle  particle.  The 
vegetable  alkali  often  contains  vitriolated  tartar, 
and  the  alkali  of  tartar  itfelf  is  not  always  free  from 
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it,  owing  doubtlefs  to  the  pradice  of  fumigating 
wine-veffels  with  fulphur — unlefs,  therefore,  the 
purity  of  the  alkaline  fait  which  is  expofed  to  the 
air,  be  well  known,  errors  can  fcarcely  be  avoid- 
ed : the  vitriolic  acid,  therefore,  is  not  prefent  in, 
the  atmofphere,  unlefs  accidentally ; the  fame  may 
be  faid  of  the  nitrous  and  marine  acids,  which  arc 
fometimes  found  in  it. 

& xxm.  Whether  Acidity  be  ejfential  to  fixed 

Air. 

Although  I imagine  I have  eftablilhed  beyond 
doubt  the  acid  nature  of  fixed  air,  yet  fome  per- 
fons  may  fufped  that  this  acidity  is  accidental,  and 
to  be  afcribed  to  a foreign  acid,  which  is  intimate- 
ly united,  by  way  of  folution,  with  the  common 

air  • but  I hope  the  following  obfervations  will 

fhew  that  this  opinion  is  entirely  without  founda- 
tion . 

(a)  Let  us  fuppofe  that  common  air,  extrica- 
from  lime  by  vitriolic  acid,  is,  notwithftand- 
ing  the  walking,  contaminated  by  that  foreign 
acid,  in  fuch  a way  that  they  can  hardly  be  fepa- 
rated ; and  that,  while  this  union  lafts,  the  air  is 
rendered  fixed now  let  lime-water  be  fatura- 
ted  with  this  elaftic  fluid,  and  the  precipitated 
lime  examined,  it  will  be  found  in  all  refpeds  fi- 
milar  to  cream  of  lime,  or  crude  lime.— I would 
afk,  whether  the  common  air,  when  it  is  again 
joined  to  the  pure  lime,  retains  the  acid  adultera- 
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tion,  united  to  it  in  the  fame  manner  as  before  ? 
or,  whether  it  (hakes  it  off,  and  leaves  it  at  liberty 
to  unite  with  other  matters  ? If  the  former  be  af- 
ferted,  either  the  lime  precipitated  by  fixed  air 
ought  to  differ  from  common  lime,  which  contains 
no  vitriolic  acid  (a  fuppofition  contradicted  by  the 
moft  accurate  chemical  examination  ),  or  the  di- 
ftin&ion  between  fixed  air  and  common  air  is  re- 
duced to  nothing : which  overturns  the  hypothe- 
fis  of  the  generation  of  fixed  air : if  the  latter, 
diftilled  vinegar  would  difiblve  the  precipitated 
lime,  leaving  the  gypfum  untouched  ; but  expe- 
riments made  with  the  greateft  accuracy  (hew 
that  diftilled  vinegar  diffolves  the  whole  of  the  pre- 
cipitate. 

(b)  Again,  if  the  acidity  depends  upon  a foreign 
admixture,  different  fpecies  of  fixed  air  fliould  be 
produced  by  different  acids.  Now  experience  fliews, 
that  fixed  air,  extricated  by  marine  acid,  and  pro- 
perly waffled,  precipitates  lime-water  in  the  fame 
manner  with  that  obtained  by  vitriolic  acid ; and  fi- 
nally, that  not  the  flighted:  difference  in  any  of  its 
properties  can  be  difeovered,  whatever  acid  it  is  ex- 
tricated by,  provided  it  be  fufficiently  depurated  by 
waffling.  If  the  fixed  air  obtained  by  vitriolic  acid 
poffeffes,  on  that  account,  the  property  of  diffol- 
ving  iron  and  zinc,  that  procured  by  the  nitrous 
ought  to  attack  filver  mercury  ; and  that  by  aqua 
fegia,  gold  and  many  other  metals  \ — but  experi- 
ments, which  I made  myfelf  for  that  purpofe, 
ffiewed  me  that  no  fuch  thing  happens. 

F 2,  (c)  Befides, 
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(c)  Befides,  grant  that  the  fixed  air  expelled 
daring  effervefcence  is  adulterated  by  an  acid, 
whence  does  that  which  is  produced  entirely  fimi- 
lar  by  fermentation  gain  it ; efpecially  that  which 
appears  in  the  beginning,  a long  time  before  even 
the  firft  ftage  of  fermentation  has  attained  its 
height?  If  the  acidity  of  fixed  air  be  foreign,  why 
can  it  not  be  fo  accumulated  as  to  redden  fyrup 
of  violets,  paper  tinged  with  turnfole,  and  the 
other  vegetable  blues  ? 

(-d)  Finally,  calcareous  fpar  and  magnefia  af- 
ford genuine  fixed  air,  purely  by  the  force  of 
fire  (§  ii.) ; although,  by  the  mod  fcrupulous  ex- 
amination, they  do  not  betray  the  fmallefl  veftige 
of  a mineral  acid.  And  this  fixed  air  is  produced, 
although  they  have  been  very  minutely  powdered 
and  boiled  for  half  an  hour  in  a pure  alkaline  lixi- 
vium, and  afterwards  wafhed  and  dried,  before 
they  are  put  into  the  retort ; — thus  then  all  fufpi- 
cion  of  a foreign  acid  vanifhes. 

Since  then,  fixed  air,  rightly  depurated,  though 
extricated  by  the  mod  different  means,  from  the 
mod  different  materials,  whether  by  fire  or  by 
folution,  is  neverthelefs  always  the  fame,  and  al- 
ways acid ; I conclude,  with  all  the  certainty  at- 
tainable in  phyfics,  that  acidity  is  a property  effen- 
tial  to  that  elaftic  fluid. 

Some  confider  fixed  air  as  the  fame  with  the 
vapour  of  phlogifticated  vitriolic  acid;  yet  any 
one  who  but  {lightly  compares  the  properties  of 

the  two,  will  eafily  fee  that  this  opinion  is  without 

foundation 
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foundation — for  the  one  has  an  irritating  pungent 
odour,  and  deftroys  the  colours  of  any  organifed 
fubftance ; and,  to  pafs  over  other  circuinftances 
of  moment,  may  eafily  be  reduced  to  genuine  vi- 
triolic acid,  neither  of  which  is  true  of  fixed  air, 
which  pofieffes  a much  lefs  powerful  attractive 
force  than  the  other. 


§ xxiv.  Specific  Gravity  of  the  Aerial  Acid. 

By  means  of  an  hollow  globe  I meafured  the 
fpccific  gravity  of  fixed  air  in  the  fame  way  as  na- 
tural philofophers  weigh  common  air. — I compa- 
red the  weights  of  equal  bulks  of  fixed  air  and 
diftilled  water  three  feveral  times.  The  firfi:  time 
I found  the  proportions  as  i to  555 ; the  fecond, 
as  1 to  563 ; and  the  laft  as  1 to  560.  I employ- 
ed, as  nearly  as  I could,  a moderate  heat  (150) 
together  with  a mean  height  of  the  barometer 
(25? 3)  but  yet  could  not  avoid  fome  minute  dif- 
ferences.— The  medium  of  the  three  obfervations 
is  559t>  or5  in  round  numbers,  559, — fo  that  its 
fpecific  gravity  comes  out  00,018  now  com- 
mon air,  in  the  fame  circumftances,  is  fcarcely 
00,012,, — fo  that  fixed  air  is  about  00,006  hea- 
vier than  common  air. 

The  noxious  vapour  which  abounds  in  certain 
caverns  is  entirely  of  the  fame  nature  as  the  aerial 
acid  ; for  it  is  abforbed  by  water,  and  communi- 
cates to  it  a pungent  acidity ; it  reddens  tinCture 
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of  turnfole,  makes  lime-water  turbid,  extinguifh* 
es  flame,  kills  animals,  and,  above  all,  rifes  but 
a little  way,  on  account  of  its  fpecific  gravity.  In 
a pit  which  was  opened  in  the  year  1717,  at  the 
Pyrmont  Spa,  the  lowed  ftratum  of  air,  which  is 
fcarcely  two  feet  in  depth,  is  noxious,  and  when 
the  fun’s  rays  can  reach  down  to  it,  it  may  be 
perceived,  by  means  of  the  exhalations  mixed 
with  it.  Over  the  medicinal  fountain  itfelf  there 
is  a poifonous  ftratum  of  air  hardly  a foot  in  depth, 
fo  tfyat  geefe,  by  means  of  their  long  necks,  can 
fwim  acrofs  it  without  damage.  The  exhalations 
from  the  caves  in  the  neighbourhood  of  the  Swal- 
bach,  and  other  acidulous  waters,  are  of  the  fame 
nature.  In  the  Grotto  del  Cane,  near  Naples, 
men,  and  even  large  dogs,  fuffer  nothing  while 
they  ft  and  ered  •,  but  if  the  noftrils  of  any  animal 
are  brought  near  the  ground,  it  is  inftantly  feized 
by  ftupefadion. — This  deadly  vapour  may  be  feen 
like  a very  fubtile  hnoke,  which  in  fummer  rifes 
about  a foot  from  the  ground  j but  in  winter  not 
above  a few  inches. 

From  the  gravity  of  fixed  air  it  alfo  follows, 
that  the  lower  ftrata  of  the  atmofphere  abound 
more  with  it  than  the  higher  ; for  the  prodigious 
quantity  which  is  generated  by  fermentation,  pu- 
trefaction, effervefcence,  and  other  natural  opera- 
tions, every  day  going  on,  for  the  moft  part  re- 
mains clofe  to  the  furface  of  the  earth this  muff 
be  again  fixed  by  the  continual  generation  of  new 

bodies, 
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bodies.  Certain  portions  of  it  alfo,  which  are 
perhaps  generated  from  the  common  air,  in  the 
higher  regions  of  the  atmofphere,  by  lightning, 
and  by  various  meteors,  muft  by  degrees  all  fub- 
fide,  were  it  not  that  the  continual  agitation  of 
the  atmofphere,  mixing  the  common  air  and  ae- 
rial acid  with  each  other,  together  with  the  fric- 
tion and  the  fmallnefs  of  the  difference  in  fpecific 
gravity,  contribute  much  to  prevent  it : which, 
together  with  the  above  mentioned  diminution  of 
it,  all  contribute  to  avert  deftru&ion  from  the  ani- 
mal world.  Hence  I imagine  the  reafon  is  plain 
why  higher  fituations  are  in  general  more  health- 
ful than  lower  ones  (r)  ; and  1 have  no  doubt  but 
that  various  diforders,  both  epidemic  and  endemic, 

arife 

(r)  Though  elevated  fituations  may  In  general  be  more 
falubrious  than  low  ones,  it  is  not  to  be  fuppofed  that  the 
healthfulnefs  of  any  place  is  in  proportion  to  its  elevation, 
on  account  of  the  different  quantities  of  aerial  acid  to  be 
found  in  different  ftrata  of  the  atmofphere.  But  it  is  not 
unufual  with  thofe  who  are  contemplating  one  of  the  prin- 
cipal agents  in  nature,  to  afcribe  too  many  effects  to  it. 
M.  Saufiure  found  that  the  air  of  the  valley  of  Chamouni 
abforbs  a volume  of  nitrous  air  equivalent  to  28  grains  of 
water  more  than  the  air  at  the  fummit  of  the  Buet.  Three 
other  experiments  concurred  with  this  to  fiiew  that  the  air 
of  the  fummits  of  mountains  is  lefs  pure  than  that  of  the 
vallies  lying  at  the  foot  of  them.  The  air  on  the  glacier 
of  Talcfre  alone  appeared,  by  the  nitrous  teft,  fuperior  to 
that  of  the  valley  of  Chamouni.  The  air  of  Geneva  was 
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arife  from  the  different  quantities  of  aerial  acid  in 
the  atmofphere.  At  the  furface  of  the  earth  it  is 
rarely  found  to  form  of  the  common  air. 

T he  aerial  acid  is  not  always  of  the  fame  de- 
gree  of  tenuity,  which  feems  to  depend  upon  this, 
that  water  abforbs  certain  particles  more  readily 

°f  equal  goodnefs  with  that  of  Chamouni,  and  fupenor  to 
that  of  the  plains  of  Piedmont. 

“ Since  then,”  fays  M.  Sauffure,  “ of  the  tops  of  five 
mountains,  four  afforded  an  air  lefs  pure  than  the  plains 
lying  at  their  feet ; and  the  only  one  on  which  the  air  is 
more  falubrious  than  in  the  plains,  owes  that  advantage  to 
a particular  fituation  ; it  feems  as  if  we  may  conclude  that 
the  air,  at  a certain  height,  lofes  fomewhat  of  its  purity. 

“ I fhould,  however,  have  been  more  cautious  than  to 
deduce  a general  conclufion  from  fo  inconfiderable  a num- 
ber of  obfervations,  if  the  fine  experiments  of  S.  Volta  on 
inflammable  air  had  not  proved,  that  an  immenfe  quantity 
of  this  elaltic  fluid  is  conftantly  produced,  which,  as  it  is 
much  lighter  than  common  air,  muft  rife  to  the  more  ele- 
vated regions  of  the  atmofphere. 

“ It  appears,  therefore,  that  if  the  air  of  the  low  plains 
is  rendered  lefs  falubrious  by  the  grofs  exhalations  which 
its  denfity  enables  it  to  fupport ; on  the  other  hand,  the 
air  of  mountains  raifed  more  than  500  or  60©  fathoms 
[toifes]  above  the  level  of  the  fea,  is  vitiated  by  other  ex- 
halations, which  do  not  lefs  diminifh  its  wholefomenefs, 
becaufe  they  happen  to  be  lighter  than  common  air ; fo 
that,  even  in  the  prefent  inftance,  there  is  a certain  me- 
dium, at  which  the  denfity  of  the  air,  ceteris  paribtu , is 
befl  adapted  to  the  life  and  health  of  man — I fhould  fix 
the  height  at  that  of  the  plains  and  great  vallies  of  Swit- 
zerland, which  are  elevated  between  200  and  300  fathoms 
-above  the  level  of  the  lea.”  13. 


than 
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than  others.  It  is  not  wonderful  that  the  union 
fhould  be  continually  retarded  from  beginning  to 
end,  as  this  effed  is  entirely  conformable  to  the 
nature  of  attradion  ; yet  the  following  phenome- 
non feems  to  confirm  the  former  opinion  : — - 
Let  us  fuppofe  the  bottle  q_  r filled  with  fix- 
ed air,  and  one  half  of  it  by  degrees  confumed. 
A fubfequent  union  will  be  effeded,  in  a given 
time,  more  flowly  with  the  remainder,  than  with 
fixed  air  which  had  not  been  expofed  to  water, 
though  the  furface  of  contad  be  the  fame.  Hence 
it  would  appear,  that  certain  particles,  either  by 
reafon  of  their  figure,  their  magnitude,  or  fome 
extraneous  mixtures,  are  rendered  more  unfit  for 
union  with  water  (j). 


§ xxv.  Aerial  Acid  extinguijhes  Fire . 

Fixed  air  not  only  prevents  fire  from  being 
kindled,  fo  as  to  prevent  the  explofion  of  bombs 
and  fire  arms,  but  it  alfo  inftantly  and  completely 
extinguifhes  a body  red  hot,  and  flaming ; fo  that 
to  determine  the  prefence  of  mephitic  air  by  flame 
is  a common  experiment. 

(j)  “ Difference  of  figure  between  elementary  particles 
feems  repugnant  to  the  theory  of  affinities,  as  produced 
by  this  figure  ; for  it  is  evident  that  a body  not  having 
the  fame  affinities,  has  not  the  fame  properties,  confe- 
quently  cannot  be  the  fame  body.  I therefore  think  the 
Jaft-mentioned  caufe  the  only  one  admiffible.  Morveau.” 

If 
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Ifaglafs  cylinder,  a d,  filled  with  aerial  acid 
in  the  manner  above  defcribed  (§  1 1.),  and  then 
flopped  by  a cover,  be  carefully  inverted  and  open- 
ed, the  fluid  contained  will,  by  its  fpecific  gravity, 
remain  there ; let  then  a lighted  candle  or  coal  be 
immerfed  in  it,  and  in  an  inftant  all  the  fire  will 
be  extinguifhed.  But  if  the  veffel  remain  open, 
the  upper  flrata  mix  gradually  with  the  common 
air,  fo  that  flame  can  at  length  fubfift  in  them ; 
and  in  this  manner,  by  degrees,  the  whole  mafs 
is  changed;  but  the  more  flofvly  in  proportion 
as  the  cylinder  is  more  lofty,  and  the  circum- 
jacent air  more  tranquil.  The  fame  phaeiiome- 
non  may  be  obferved  on  the  furface  of  fermenting 

liquors. 

The  aerial  acid  very  flrongly  attracts  fmoak,  ex- 
tends it  in  a flratum  parallel  to  its  own  furface, 
and  holds  it  a long  time.  This  may  be  obferved 
in  caverns  where  mephitic  air  is  produced  by  mean^> 
of  the  fmoak  of  an  extinguifhed  torch,  or  a gun 
fired  over  the  noxious  flratum  (/)• 


§ xxvi.  Aerial  Acid  kills  Animals .] 

In  thefe  experiments  I generally  employ  the  fol- 
lowing apparatus A glafs  veffel,  a b (fig.  9-). 

( n This  amazing  phenomenon  is,  I think,  owing  tm 
the  attraction  of  aerial  acid  for  the  water  contained  in  the 

fmoak. 
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when  the  animal  is  enclofed,  is  fuddenly  cement- 
ed to  the  wooden  bottom,  b c ; this  veffel  is  per- 
forated at  the  top  by  a hole,  d;  the  tube,  e f, 
which  introduces  the  noxious  vapour,  is  fitted 
clofely  to  the  bottom,  that  no  air  can  efcape  ; the 
noxious  vapour  expels  the  lighter  common  air 
through  the  hole  d : at  firft,  however,  they  are 
in  foine  degree  mixed  together,  which  is  the  rea- 
fon  why  the  animal  does  not  as  quickly  die  as  when 
at  once  immerfed  in  the  aerial  acid  : but  experi- 
ments have  fhewn  me,  that  by  this  very  circum- 
fiance  the  phenomenon  may  be  more  eafily  diftin- 
guifhed. 

As  foon  as  the  noxious  vapour  rulhes  in 
through  the  tube  e f,  the  animal  looks  about 
with  great  anxiety,  in  order  to  efcape  ; it  then  be- 
gins to  pant  — the  eye-balls  are  protruded  — it 
trembles  — and  at  length  expires  as  if  going  to 
fleep.  By  regulating  the  influx  of  aerial  acid,  the 
approach  of  death  may  at  pleafure  be  deferred. 
The  difference  in  the  fpecies  of  animals,  their  age 
and  vigour,  make  fome  difference  : thus  birds  ge- 
nerally die  fooner  than  dogs ; thefe  fooner  than 
cats ; amphibious  animals  endure  longer  ; and  in- 
fers longeft  of  all.  With  refpeft  to  age,  the 
younger  animals  are  lefs  quickly  deftroyed,  efpe- 
cially  thofe  that  are  fomewhat  accuflomed  to  it ; 
for  fuch  as  have  been  often  expofed  to  the  open 
air  in  the  very  agony  of  death,  and  recover,  are 
afterwards  more  flowly  defiroyed  by  that  fluid 

than 
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than  fuch  as  are  for  the  firft  time  expofed  to  it. 
After  death,  the  lungs  appear  fomewhat  collap- 
fed ; they  do  not  fink  in  water,  like  thofe  of  an 
animal  which  has  perifhed  in  vacuo,  but  float; 
and  often  are  in  many  places  inflamed.  The  trunk 
of  the  pulmonary  artery,  the  right  ventricle  of  the 
heart,  with  its  auricle,  the  vena  cava,  the  jugular 
veins,  and  the  veflels  of  the  brain,  are  diftended 
with  blood  ; and  I have  more  than  once  feen  a 
firm  polypus  in  the  right  ventricle.  The  pulmo- 
nary veins,  the  aorta,  the  left  ventricle  of  the 
heart,  with  its  auricle,  are  generally  flaccid.  The 
irritability  of  the  mufcular  fibres  all  over  the  body 
is  found  deftroyed  : nor  could  I,  either  by 

blowing  into  it,  by  the  knife,  or  by  vitriolic  acid 
highly  concentrated,  excite  to  motion  the  heart 
of  an  animal  thus  deftroyed,  although  taken  out 
warm  ( t ). 

Authors  difagree  concerning  the  effective  caufe 
of  death  in  this  cafe ; and  it  would  be  prefump- 


(?)  I have  feen  the  direft  contrary  in  fo  many  experi- 
ments, that  I hefitate  not  to  rejeft  this  account  of  the  de- 
ftruftion  of  the  irritability  of  the  mufcular  fibres.  The 
author  muft  have  left  his  animals  too  long  unopened ; o- 
therwife  he  would  have  feen  the  heart  contraft,  when  fti- 
mulated.  The  caufe  of  death  is  the  fame,  whether  an  ani- 
mal be  drowned  in  water,  aerial  acid,  or  any  other  kind  of 
air,  or  whether  it  be  killed  by  hanging.  When  the  accefs 
of  air  is  prevented,  the  blood  is  not  changed  to  arterial, 
and  is  therefore  incapable  of  llimulating  the  left  cavities  of 
the  heart. 


tion 
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tion  in  me  to  attempt  the  decifion  of  io  important 
a queftion. — Contented  if  I have  been  able,  in 
this  Eflay,  to  eftablilh  the  acidity  of  fixed  air, 
which  was  my  chief  purpofe,  I have  adapted  all 
the  experiments  to  the  end  propofed  with  as  much 
accuracy  as  I was  able ; I repeated  them  dili- 
gently, and  confidered  them  carefully ; — I there- 
fore thought  it  unneceffary  to  particularife  thofe 
which  have  been  made  by  other  perfons,  and 
for  purpofes  different  from  mine,  efpecially  as 
they  cannot  efcape  the  oblervation  of  the  learned 
reader  (u). 

(a)  Mr  Bewly,  in  fome  letters,  dated  towards  the  clofe 
of  the  year  1775,  and  publifhed  in  the  Appendix  to  Dr 
Prieftly’s  2dvol.  deferibes  a feries  of  experiments,  under- 
taken in  order  to  prove  the  propofition  maintained  in  the 
foregoing  Differtation.  It  will  appear  a little  ftrange,  that 
he  fhould  not  have  been  apprifed  of  Profelfor  Bergman’s 
opinion  on  the  nature  of  fixed  air,  (for  if  he  had  known  it, 
his  candour  would  not  have  permitted  him  to  pafs  it  over 
in  filence),  as  it  had  been  publifhed  by  Dr  Prieftly,  three 
years  before  the  date  of  Mr  Bewly’s  experiments.  We  are 
therefore  to  confider  the  prefent  inltance  as  a confirmation 
of  the  obfervation,  that  the  fame  difeovery  is  often  made  by 
different  perfons,  without  any  communication  with  each  o- 
ther,  when  fcience  has  arrived  at  a certain  pitch  of  matu- 
rity. Of  this  truth  Mr  Scheele’s  difeovery  of  dephlogifti- 
cated  air,  without  knowing  that  Dr  Prieftly  had  previouf- 
ly  obtained  the  fame  elaftic  fluid,  furnifhes  another  ftill 
more  remarkable  example.  On  comparing  the  dates,  it  will 
be  found,  that  priority  of  claim  as  evidently  belongs  to  the 

Swedifh 
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Swedifh  profeflor  in.  the  former,  as  it  is  acknowledged  to 
belong  to  our  induftrious  countryman  in  the  latter  cafe. 
On  pqrufing  Mr  Bewly’s  obfervations,  it  will  be  feen,  that 
be  was  alfo  led  to  adopt  another  opinion,  advanced  by  Sir 
T.  Bergman,  and  called  in  queftion  by  M.  de  Morveau, 
viz.  That  fixed  alkali  is  capable  of  uniting  with  a quantity 
of  aerial  acid  exceeding  that  which  is  necefiary  for  its  fa- 
turatiqn.  B. 


If. 


II. 


o F,  THE 


analysis 


§ I.  A brief  Hijiory  of  the  Analysis  of 
Water  s. 

UCH  time  could  not  have  elapfed,  before 


mankind  firft  began  to  perceive  the  differ- 
ence of  waters,  although  furnifhed  with  no  other 
criterion  than  that  of  tafte.  But  the  preparation 
of  food,  and  the  various  arts  and  manufactures 
which  afterwards  began  to  be  ftudied,  mult  grar 
dually  have  fuggefted  a difference  in  the  proper- 
ties and  goodnefs  of  waters,  with  refpeCt  to  cer- 
tain purpofes,  although  we  are  at  prefent  ignorant 
of  the  manner  and  order  in  which  thefe  difcoveries 
occurred.  Hippocrates  judges  thofe  waters  to  be 
moft  proper  for  common  ufe,  which  are  clear, 
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light,  void  of  tafte  and  fmell,  and  which  run  front 
the  eaft  ; obfervations,  the  jufticc  of  which  is  to 
this  day  generally  acknowledged,  with  the  excep- 
tion of  the  laft,  which  perhaps,  in  the  country  of 
Hippocrates,  refted  upon  fome  local  advantage. 
He  (<?)  condemns,  as  worfl  of  all,  fuch  as  are 
hard,  fait,  aluminous,  and  the  waters  of  lakes 
and  marlhes.  Pliny  not  only  diflinguifhes  waters 
into  nitrous,  aluminous,  bituminous,  fait,  fulphu- 
rated,  acidulous,  chalybeate,  falubrious,  poifon- 
ous,  medicated,  cold,  warm,  hot,  fuch  as  boil 
pulfe  flowly,  fuch  as  incruft  the  veftels  in  which 
they  are  boiled,  fuch  as  intoxicate,  fuch  as  change 
the  colour  of  cattle,  &c. ; but  mentions  water  boil- 
ed, and  cooled  again  by  fnow,  according  to  Ne- 
ro’s method ; and  aflerts,  that  vitiated  waters  are 
reftored  by  being  boiled  to  one  half  (£). 

But  as  to  the  art  of  accurately  examining  wa- 
ters, with  regard  to  their  contents,  we  fcarce  find 
any  traces  of  it  worthy  of  obfervation,  until  the 
feventeenth  century.  Tabernsemontanus,  whofe 
true  name  was  (c)  Jacob  Theodore,  about  the 
end  of  the  fixteenth  century,  enumerates  a variety 
of  the  waters  of  Germany,  and  among  the  reft 
Seltzer  water  ; but  he  gives  no  analyfis  of  them. 
(d)  Andrea  Bacci,  an  Italian  phyfician,  whofe 

( a ) Lib.  de  Aerc,  Aquis  et  Locis. 

(3)  Hift.  Nat.  lib.  xxxi.  paflim. 

( c ) Waflerfchatz.  Frankf.  1593. 

(d)  Septem  dc  Thermis  Libri.  Rom.  1 596. 
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work  was  published  in  the  year  1596,  makes  not 
the  leaft  mention  of  analyfes  of  this  kind,  altho* 
no  one  before  him  had  written  fo  accurately  upon 
the  fubjeft  of  waters. 

The  illuftrious  Mr  Boyle,  in  the  year  1 663, 
had  difcovered  the  ufe  of  feveral  precipitants.  It 
had  been  before  known,  indeed,  that  fyrup  of 
violets  was  made  red  by  vitriolic  acid,  and  by  le- 
mon-juice : but  this  effeft  was  attributed  to  fome 
peculiar  quality  in  thefe  two  liquors.  Mr  Boyle 
difcovered  this  to  be  a property  common  to  all  a- 
cids ; and  was  alfo  the  firffc  who  obferved  the  green 
colour  occafioned  by  alkalis,  which  he  inftances 
in  the  juice  of  blue-bell.  He  mentions  the  blue 
folution  of  copper  in  volatile  alkali ; he  relates  that 
the  colour  of  rofes  is  defiroyed  by  the  fumes  of 
fulphur,  but  heightened  by  its  acid ; that  water 
tinged  by  Brazil  wood  grows  yellow  on  the  addic- 
tion of  an  acid,  while  that  tinged  by  cochineal  has 
its  red  colour  made  more  dilute  5 and  that  alkalis 
reftore  the  original  intenfity  of  colour ; that  filver 
is  precipitated  from  nitrous  acid  by  fixed  alkali,  by 
common  fait,  and  by  marine  as  well  as  vitriolic 
acid,  but  not  by  volatile  alkali ; that  falited  filver 
grows  black  in  the  open  air ; that  vitriol  of  mer- 


cury  grows  yellow,  when  waflied  with  water  ; that 
mercury  diffolved  in  acids  yields  a white  precipi- 
tate, on  the  addition  of  volatile  alkali,  but  with 
fixed  alkali  a fediment  of  an  orange  colour,  which 
colour,  on  the  addition  of  vitriolic  acid,  inline - 
^0L*  k G-  diately 
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diately  difappears,  as  does  afterwards  the  whole  of 
the  precipitate ; and  that  filver  is  as  it  were  gilded 
in  folutions  of  a fulphureous  nature  ; together  with 
feveral  other  circumftances,  many  of  which  had 
doubtlefs  been  difcovered  ( e ) before.  Thus,  to 
pafs  over  other  inftances,  Gaflendi  fays,  that  tinc- 
ture of  rofes  has  its  colour  heightened  by  vitriolic 
acid. 

Nearly  about  the  Tame  time  Dominic  du  Clos, 
at  the  firlf  inftitution  of  the  Royal  Academy  of 
Sciences  at  Paris,  in  the  year  1667,  attempted  to 
examine  all  the  waters  of  France,  and  continued 
his  inveiligation  for  fome  years.  He  made  ufe  of 
* feveral  precipitants  betides  thofe  above  mentioned, 
fuch  as  infufion  or  powder  of  galls,  and  juice  of 
the  flowers  of  letter  iris,  to  which  he  afterwards 
added  martial  vitriol,  and  juice  of  turnfole.  He 
examined  the  refiduum  after  di (filiation,  invefti- 
gated  its  figure  by  the  microfcope,  its  flavour,  its 
folubility  in  water,  and  put  its  properties  to  the 
left  of  hot  iron. 

So  long  fince  as  the  year  1680,  fome  remark- 
able experiments  upon  this  fubjedf  made  by  Urr 
banus  Hierne,  were  publifhed  in  Sweden.  T his 
very  expert  chymift  makes  three  clafi'es  of  acidu- 
lous waters  ; namely,  the  acid,  the  vinous,  and 
fuch  as  contain  a latent  acid ; he  affirms  that  each 
of  them  contains  a peculiar  ore,  moflly  martial, 

(c)  Experiments  touching  Colours.  Oxon.  1663. 

together 
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together  with  a fmail  portion  of  fulphur,  either 
tfianifeft,  as  in  the  acid  gas  of  Spa,  Pyrmont,  and 
other  waters  of  that  nature  ; or  occult,  being  dil- 
folved  by  a concealed  alkali ; or  as  yet  in  a naf- 
cent  Rate.  He  confiders  the  examination  of  the 
refiduum  as  of  little  confequence,  on  account  of 
the  lofs  of  the  volatile  particles ; and  thinks  weigh- 
ing ufelefs,  imagining  that  volatile  fpirits  do  not 
gravitate.  He  thinks  that  the  tinging  linen  will 
detect  waters  faturated  with  a mature  ore,  but  will 
not  difcover  acidulous  waters  : he  denies  that  the 
goodnefs  of  medicated  waters  can  be  determined 
by  infufion  of  galls  alone,  inafmuch  as  all  waters 
containing  a grofs  vitriolic  fait  flrike  a black  with 
that  infufion,  while  various  acidulous  waters  of 
a more  fubtile  nature,  are  not  affedted  by  it ; 
iior  does  he  think  the  tinging  of  raw  flefh  fuffi- 
cient,  as  all  vitriolic  waters  induce  on  it  the  very 
fame  colour  (/). 

In  the  year  1678,  Hierne  examined  the  acidu- 
lous (g)  Medway  waters,  which  had  been  difco- 
vered  the  year  before,  and  foon  after  this  fpecies 
of  water  came  into  general  ufe  in  (/)  Sweden. 

Mr  Boyle  again,  in  the  year  1685,  propofed  a 
number  of  fubftances  for  the  more  accurate  exa- 

(/)  Lilia  Vattu-Profvaren.  h.  e.  brevis  Aquarum  ex- 
plorator.  Stockh.  1683. 

(g)  De  acidul.  Medviens.  168c. 

(/)  Hiilphers  de  Font,  foteriis  Suecise. 
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mination  of  waters.  He  extols  very  much  the  vola- 
tile hepar  fulphuris,  diftilled  from  fixed  alkali,  ful- 
phur,  and  fal  ammoniac ; this  inftantly  grows  black, 
either  with  green  or  blue  vitriol ; hence  he  thinks 
that  concealed  fulphur  maybe  difcovered  by  vitriol; 
he  obferved  that  folution  of  arfenic  grows  black, 
and  is  precipitated  by  vitriol ; he  alfo  affirms  that 
he  was  acquainted  with  a method  of  difcovering 
common  fait  in  water,  without  any  evaporation, 
but  he  does  not  defcribe  the  method  ( k ).  He  can 
fcarcely,  in  this  cafe,  allude  to  folution  of  filver,  as, 
though  known  before,  it  was  then  but  little  ufed, 
but  afterwards  began  to  be  more  frequently  employ- 
ed ; for  in  the  year  1697  it  was  applied  to  this  pur- 
pofe  by  Nic.  Valerius,  a Swede,  who  in  his  travels 
examined  the  hot  waters  of  Aix;  and,  befides  the 
above-named  fubftances,  employed  folutions  of 
nitre,  common  fait,  fal  ammoniac,  and  faccharum 
faturni,  the  acids  of  nitre  and  fea-falt,  and  fpirit 
of  fal  ammoniac  (/ ). 

About  the  beginning  of  the  prefent  century 
other  fubftances  began  to  be  ufed : in  the  year 
1699,  D.  Regis  and  Didier  employed  tincture  of 
mallow-flowers,  which  is  made  red  by  acids,  and 

(*)  Apparatus  brevis  ad  naturalem  & expcrimentalem 
Aquarum  Mincralium  Hiftoriam,  concinnatus  in  forma 
EpiftolcC,  Lond.  1685. 

(/)  Tenlam  Phyfico  Chirn.  circa  Aquas  Thermal.  Lugd. 
Batav.  1699, 
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green  by  alkalis  (/),  At  the  fame  time  Boulduc 
introduced  lime  water,  and  vinegar  of  lead.  Some 
perfon  fent  to  Aix  by  Burlet  mentions  with  afto- 
nifhment  a filver  cup,  which  having  been  kept  for 
three  days  in  the  Bath  water,  became  as  it  were 
gilded,  a phsenomenon  long  before  known  to 
Boyle,  and  by  him  afcribed  to  fulphur : it  was 
afterwards  accounted  for  upon  the  fame  prin- 
ciple, by  Homberg  (m). 

In  the  year  1 707,  Burlet  availed  himfelf  of  fo- 
lution  of  alum,  paper  tinged  blue  by  turnfole,  the 
fame  paper  afterwards  reddened  by  vitriolic  acid, 
diftilled  vinegar,  tin&ure  of  damafk  rofes  extract- 
ed without  acid,  together  with  fome  other  fub- 
fiances.  In  the  fame  year  too,  Geoffroi  fubfti- 
tuted  broad  open  glafs  veffels  to  the  clofe  retorts, 
which  had  been  ufed  until  that  time. 

Befides,  iiji  1726  and  1729,  Boulduc  employ- 
ed various  other  contrivances.  For  inftance,  un- 
til that  time  evaporation  had  been  continued  to 
drynefs,  and  the  faline  part  of  the  contents  again 
diffolved ; but  Boulduc  thought  it  more  expedi- 
tious either  to  feparate  the  ft  rata  of  the  whole  re- 
fiduum,  or  to  feparate  the  different  fubftances,  in 
order  as  they  prefented  themfelves  during  the  eva- 
poration. He  alfo  fhewed  the  method  of  difco- 

(/)  L’Hiftorie  ck  PAcad.  des  Scien.  dc  Paris,  1699. 

(»)  Ibid.  1707. 

G 3 


Yenng, 


?02  Of  THE  ANALYSTS  OF  WATERS. 

vering,  by  precipitation  with  highly-re&ified  fpirit 
of  wine,  the  falts  contained  in  any  water ; -with- 
out expofmg  it  to  heat  («). 

From  hence  it  appears,  that  the  principal  pre- 
cipitants  at  prefent  known  were  in  ufe  at  leaft  from 
the  middle  of  the  feventeenth  century ; but  if  we 
examine  the  conclusions  deduced  from  the  obser- 
vation of  their  efteCts,  we  Shall  be  forced  to  ac- 
knowledge that  they  have  been  frequently  unfa- 
tisfaCtory,  and  often  more  or  lefs  falfe. 

It  would  be  tirefome  and  ufelefs  to  relate  the  opi- 
nions of  the  ancients  concerning  the  heterogene- 
ous matters  found  in  water.  Theophraftus  Para- 
celfus  was  of  opinion,  that  all  the  Species  of  earths 
' with  which  he  was  acquainted,  together  with  falts, 
bitumens,  and  certain  metals,  might  be  fufpend- 
ed  and  carried  about  by  that  fluid : but,  laying 
afide  thefe  unproductive  Speculations,  we  Shall  pro- 
ceed to  a period  more  advantageous  to  natural 
philofophy.  It  has  been  already  obferved,  that 
alum  was  long  fuppofed  to  be  prefent  in  waters ; 
nay,  D.  Giure,  in  the  year  1669,  contended  that 
the  peculiar  nature  of  acidulous  water  was  not 
constituted  by  vitriol  but  by  alum,  and  a certain 
vein  of  foft  iron,  or,  as  he  calls  it,  the  ens  pri- 
mum  of  that  metal.  This,  fo  far  as  regards  the 
alum,  was  however  foon  contradicted  by  Du  Clos. 

(«)  Mem.  de  l’Acad.  de  Paris,  1726  and  1729. 


—At 
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At  prefent,  alum  is  very  rarely  found  in  natural 

waters. 

Du  Clos  at  the  fame  time  fpeaks  of  a certain 
fait,  fimilar  to  gypfiim ; but  Mr  Allen  (0)  was 
perhaps  the  fir  ft  who  obferved  in  waters  a fait  con- 
fifting  of  vitriolic  acid  and  lime,  and  which  he  calls 
felenite.  By  the  word  nitre  nothing  more  was 
formerly  underftood,  than  natron,  or  mineral  al- 
kali, which  Hierne  firft  obferved  in  the  acidulous 
waters  of  Egra(/;),  and  F.  Hoffman  afterwards 
difcovered  in  feveral  medicated  fprings  (cj).  The 
nature  of,  this  fubflance  was  accurately  explained 
by  Boulduc,  in  the  year  1729. 

The  fal  catharticus  amarus,  or  more  properly, 
vitriolated  magnefia,  has  been  in  high  efteem  at 
Epfom,  from  the  year  1610;  and  in  1696  Dr 
Grew  publifhed  a fmall  treatife  upon  that  fubjed ; 
but,  although  it  was  found  in  the  waters  of  Seid- 
litz,  Seidfchutz,  and  at  feveral  other  places,  and 
was  confumed  in  great  quantity,  yet  the  true  com- 
pofition  of  it  remained  unknown  until  the  year 
1755,  when  the  celebrated  Dr  Black  (j)  under- 
took the  accurate  examination  of  the  nature  of 
magnefia,  the  prefence  of  which,  even  united 
with  fixed  air  alone,  was  afterwards  difcovered  in 

(0)  Nat.  Hift.  of  Min.  Waters  of  Great  Britain,  Lond. 
171 1. 

(/>)  Brevis  Aquarum  Explorator. 

( ?)  Opera,  tom.  v. 

(/)  Edio.  Afts,  tom.  ii. 

G 4 


feveral 
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feveral  waters  (f)  Glauber’s  fait  is  found  in  ma- 
ny  fprings,  and  is  often  confounded  with  vitrio- 
lated  magnefia.  About  the  end  of  the  feventeenth 
century  a new  method  of  detecting  common  fait 
was  difcovered,  although  its  tafte,  and  the  form  of 
its  cryftals,  had  been  before  that  time  generally 
confidered  fufficient  for  the  purpofe. 

In  the  year  1682  Lifter  difcovered  lime  in  wa- 
ters 5 and  in  175^  ^e  Roy  found  falited  lime  in 
the  laft  lixivium  (n).— Margraaf  difcovered  falited 
magnefia  in  1759  (u)  ; and  F.  Home  nitrated  lime 
in  1756  (x)  As  vitriolated  water  ftrikes  a black 
colour  with  galls,  and  as  moft  acidulous  waters 
poftefs  that  property,  it  was  immediately  fuppofed 
that  fuch  waters  contain  a vitriol  : Theophraftus 
Paracelfus  (y)  imagined  he  had  put  that  matter 
beyond  doubt ; but  others,  who  by  evaporation, 
in  vain  attempted  to  obtain  cryftals  of  vitriol,  be- 
gan to  entertain  doubt  of  the  fad,  yet  by  different 
ways  endeavoured  to  get  rid  of  the  difficulty  : — 
Some  alledged  that  thefe  waters  contained  neither 
iron  nor  vitriol,  but  a foft  ore,  as  they  called  it, 
an  ens  primum  of  that  metal — others  had  recourfe 
£0  a volatile  vitriol,  &c. 


(/)  A£ta  Stockh.  1773. 

(c>)  Mem.de  I’ Acad,  de  Paris. 

(it)  Mem.  dc  l’Acad.  dc  Berlin. 

(x)  Experiments  on  Bleaching.  Edin.  1751S. 

(j  ) Dc  Thermis. 

In 
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In  the  beginning  of  this  century,  F.  Hoffman 
attempted  to  eflablifh  a new  theory  of  mineral  wa- 
ters, denying  that  there  was  in  the  acidulous  wa- 
ters any  true  and  a&ual  acid  : he  grants  indeed, 
that  an  acid  vapour  does  exift,  which,  together 
with  a certain  elaftic  etherial  principle,  which  he 
calls  fpiritus  mundi,  conflitutes  the  fpirit  and  life 
of  the  medicated  waters ; but  he  confiders  this 
as  volatile,  and  therefore  eafily  diffipated.  On  the 
contrary,  he  infills  that  the  acidulous  waters  arc 
alkaline,  becaufe  they  effervefce  with  acids,  and 
change  the  colour  of  fyrup  of  violets  to  a green  : 
thefe  are  marks,  however,  which  we  know  to  be 
ambiguous  (§  vii.).  As  we  are  not  acquainted 
with  any  alkali  but  fuch  as  has  paffed  through  fire, 
and  as  alkalis  are  confequently  confidered  as  the 
produ&s  of  fire,  many  perfons  denied  the  poffibi- 
lity  of  their  exiftence  in  waters  (z).  Hoffman 
himfelf  thinks  that  the 'alkali  originates  from  a 
fpirit  of  fulphur,  which,  according  to  the  degree 
of  its  fubtlety,  would  form  with  lime  an  alkalis 
either  fixed  or  volatile  5 — Henckel  thinks  the  al- 
kali derived  from  common  fait,  though  he  owns  he 
is  ignorant  how  its  acid  can  be  expelled. 

At  length  Dr  Seip  (r/)  gave  an  explanation, 
which  was  thought  to  remove  all  the  difficulties 

(~)  Opera,  tom.  v. 

{a)  Befchreibung  der  Pyrmontifchers  Mineral  Waller 

,?77l- 


completely  : 
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completely  : he,  with  many  of  the  ancients,  fup- 
pofes  that  the  genuine  mineral  fpirit  is  the  volatile 
vitriolic  acid  ; but  as  the  ancients  (from  the  fud- 
den  change  which  the  water  undergoes  on  expo- 
fure  to  air)  concluded  that  this  volatile  fubftance 
flew  off,  he,  on  the  other  hand,  contends,  that 
the  fubtile  acid  which  had  formerly  been  united 
with  iron,  now  forfakes  the  metal  to  miite  with 
the  alkali,  which  in  the  fubterraneous  caverns 
could  not  exert  its  fuperior  attractive  power  ; and 
hence  it  is  that  the  remarkable  change  which  aci- 
dulous waters  undergo  when  expofed  to  the  air, 
takes  place  : this  fpirit,  he  thinks,  may  be  again 
expelled  by  diftillation,  and  then  obtained  in  its 
proper  form.  How  far  this  explanation  is  agree- 
able to  truth,  will  be  feen  (§  viii.) 

In  the  year  1748,  Dr  Springsfield  ( b ) delivered 
it  as  his  opinion,  that  air  was  the  effective  cai^e 
by  which  the  contents  of  the  fubtile  waters  were 
kept  in  a ftate  of  perfect  clear  folution,  becaufe 
the  departure  of  air  always  occaflons  a turbidnefs 
and  precipitation.  And  this  opinion  was  after- 
wards further  confirmed;  for,  in  the  year  1755, 
Venel’s  Memoirs  on  Seltzer  water  were  publifh- 
ed ; in  which,  by  very  convincing  arguments,  he 
{hews  that  the  volatile  fulphureous  acid  is  not  the 
true  mineral  fpirit,  which,  on  the  contrary,  he 
contends  is  no  other  than  the  air  itfelf ; and  he  de- 

( b ) Iter  Mcdicum  ad  Aquas  Spadanas. 

monft  rates 
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monftrates  thefe  proportions  by  arguments  both 
analytical  and  fynthetical  (c) ; and,  although  he 
did  not  arrive  at  the  truth  altogether,  it  muft  yet 
be  confeffed,  that  he  came  nearer  to  it  than  any 
one  before  his  time  : he  alfo  attempted  to  prepare 
Seltzer  water  artificially.  It  is  to  be  lamented  that 
this  very  acute  chymift,  who  fuperintended  the 
examination  of  the  waters  in  France,  did  not  pu- 
blilh  any  thing  more  upon  that  fubjeft  before  his 
death. 

It  is  at  length  fliewn,  by  incontrovertible  expe- 
riments, that  the  genuine  mineral  fpirit,  which 
gives  character  and  life  to  the  cold  mineral  waters, 
is  altogether  the  fame  with  that  fluid  which  is  now 
called  fixed  air  : this  principle  is  common  to  the 
Seltzer,  Spa,  and  Pyrmont  waters  ; but  different 
falts,  in  different  proportions,  determine  the  dif- 
ferent fpecies  of  thefe  waters. 

Hence  water,  by  bare  impregnation  with  fixed 
air,  cannot  properly  be  called  either  Seltzer,  Spa, 
or  Pyrmont ; nor  can  he  be  faid  to  underhand 
the  artificial  preparation  of  thefe  waters,  who  mere- 
ly knows  the  method  of  faturating  water  with  fix- 
ed air. — The  particular  quantity  of  the  different 
falts  which  conftitute  the  peculiar  nature  of  each, 
muft  alfo  be  known.— The  vapour  which  is  found 
in  hot  baths  confifts  fometimes  of  the  aerial  acid, 
as  in  the  Caroline  waters  of  Bohemia,  but  is  fre- 

(<•')  Mem.  der  Sc.  Etr. 

quently 
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quently  of  a different  nature,  as  we  fhall  fee  here, 
after. 

In  the  year  1771,  at  Upfal,  feveral  perfons  made 
life  of  waters  artificially  prepared,  which  exadly 
refembled  the  natural  waters  of  Seltzer,  Spa,  and 
Pyrmont,  not  only  as  to  the  volatile  part,  but  as  to 
the  entire  contents  (d) ; and  the  ufe  of  thefe  waters 
afterwards  obtained  through  mod  of  the  provinces 
of  Sweden. 

In  the  year  1772,  Dr  Prieftly  publifhed  a book 
at  London,  in  which  he  taught  how  water  might 
befaturated  with  the  fixed  air  expelled  from  chalk 
by  vitriolic  acid  — Mr  Lane  had  before  employed 
fermentation  for  the  fame  purpofe,  with  the  addi- 
tion of  iron,  by  which  the  water  became  a chaly- 
beate. 

The  hepatic  vapour,  with  which  many  hot 
baths  are  impregnated,  has  occafioned  much  per- 
plexity, becaufe  fulphur  cannot  artificially  be  ob- 
tained from  them,  though  it  fublimes  fponta- 
neoufly,  as  at  Aix. — Of  thofe  who  have  laboured 
in  this  field  it  is  fufficient  to  name  Charles  Lucas, 
who  yet  did  not  fucceed  (e).  At  prefent  the  my- 
flery  is  unfolded  (§  iv.  vii.  f.  viii.  e.) 

Finally,  I fhould  mention,  that  the  knowledge 
of  the  heterogeneous  matters  contained  in  wa- 
ters, lately  acquired,  has  excited  many  to  under- 

{d)  Vet.  Acad.  Handl.  1773. 

(<?)  ElTay  on  Waters.  Lond.  1756. 

take 
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take  a clarification  of  waters,  according  to  their 
contents.  On  this  principle  the  celebrated  Pro- 
feflor  Sir  J.  G.  Wallerius,  publifhed,  in  the  year 
1748,  his  Syftema  Hydrologicum  (/). — F.  A. 
Cartheufer,  in  1758  (g),  publifhed  a work  of  the 
fame  kind  ; as  did  alfo  Mr  Monnet,  in  1772  (h); 
not  to  mention  thofe  who,  limiting  their  refearches 
to  the  waters  of  certain  countries,  have  not  treated 
the  fubjedt  at  large. 

The  nature  of  the  prefent  Work  does  not  per- 
mit me  to  fpend  any  time  in  relating  the  feveral 
difcoveries  of  the  moderns,  which  have  led  the  way 
to  a complete  examination  of  waters  : befides, 
thefe  are  all  to  be  found  in  the  modern  books. 
Let  the  candid  and  Ikilful  judge  whether  the  de- 
monftration  of  the  acid  nature  of  fixed  air,  the  fo- 
lution  of  chalk  and  magnefia  in  water,  by  means 
of  that  fubtile  menftruum,  and  the  analyfis  and 
fynthefis  of  Seidfchutz,  Seltzer,  Spa,  and  Pyr- 
mont  waters,  have  contributed  any  thing  to  that 
purpofe. 


(/)  Wattu-Riket.  ad  Fin.  comparet  brevis  Introd.  ad 
Aquas  examinand. 

(/)  Rudimenta  Hydrol.  Syft.  Fr.  ad.  V.  1758. 

(/;)  Nouv.  Hydrologie,  1772. 
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§ ir.  The  Examination  of  IVaters  highly  ne- 

cejjary. 

9 

Water,  confidered  by  itfelf,  and  free  from  any 
heterogeneous  mixture,  is,  as  far  as  conjecture 
can  reach,  always  of  the  fame  nature  ; but,  du- 
ring its  palling  over  or  penetrating  various  ftrata, 
it  is  loaded  with  heterogeneous  matter,  more  or 
lefs,  according  to  circumftances ; very  fubtile  pow- 
ders being  partly  mechanically  fufpended  in  it,  and 
partly  united  intimately  with  it,  in  the  way  of  chy- 
mical  folution  : hence  no  water  is  ever  found  up- 
on the  furface  of  the  earth  in  a ftate  of  perfeft  pu- 
rity ; nay,  even  rain  and  fnow-water,  although 
elaborated  by  the  peculiar  powers  of  nature  from 
the  mod;  fubtile  vapours,  with  a degree  of  per- 
fection inimitable  by  art,  thefe,  I fay,  though 
collected  with  all  poffible  care,  are  yet  found  va- 
rioully  contaminated,  according  to  the  feafons  of 
the  year,  the  climate,  and  other  circumftances. 

The  heterogeneous  particles  which  waters  con- 
tain differ  with  refpeCt  both  to  quality  and  quan- 
tity : hence  it  is  that  fome  are  fit  for  the  ufes  of 
life,  others  unfit,  noxious,  or  even  fometimes  mor- 
tal ; while  others  are  found  extremely  efficacious 
in  curing,  or  at  leaft  in  alleviating  diftempers. 
The  medicinal  waters  differ  very  much  in  power, 
according  to  the  quantity  and  quality  of  the  parti- 
cles contained  in  them  : hence  fome  which  expe- 


rience 
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rience  fiiews  to  have  been  employed  with  the  bed 
fuccefs  in  certain  cafes,  in  others  may  prove  either 
inert  or  noxious  In  the  brewing  of  malt  liquors, 
the  baking  of  bread,  the  boiling  of  pulfe,  the  wa(h- 
ing  and  bleaching  of  linen,  the  dying  of  different 
fubftances,  the  preparing  of  hides,  Ikins,  and  pa- 
per, and  in  a number  of  other  arts,  the  quality  of 
the  water  employed  is  of  fo  much  confequence, 
that,  unlefs  one  be  chofen  fit  for  the  purpofe,  the 
whole  procefs  fails. — Water  is  ufed  in  confiderable 
quantity  in  the  preparation  of  food,  and  always 
conftitutes  the  greater  part  of  our  drink ; info- 
inuch  that  if  we  allow  one  kanne  per  diem  to  each 
adult,  our  calculation  will  rather  fall  fhort,  than 
exceed. 

Hence  it  readily  appears  how  a quantity  of  per- 
nicious heterogeneous  matter,  though  fmall,  being 
daily  accumulating,  may  foon  lay  the  foundation 
of  numberlefs  difeafes. 

From  what  has  been  faid,  I believe  it  is  fuffi- 
ciently  obvious,  that  the  analyfis  of  waters  is  high- 
ly neceffary,  not  only  as  a fpeculative  branch  of 
natural  philofophy,  but  as  fubfervient  both  to  pu- 
blic and  private  advantage. — From  thence  we  are 
enabled, 

iff.  To  chufe  the  pureft  water  for  internal  ufe. 

2d,  To  avoid  fuch  as  is  either  unfit  or  no- 
xious. 


i 12  OF  THE  ANALYSIS  OF  WATERS. 


3d,  To  form  a proper  judgement  concerning 

• fuch  as  are  ufeful  in  medicine.  Thus,  if 
long  experience  has  (hewn  the  efficacy  of  the 
water  in  a certain  fountain,  and  if  at  the  fame 
time  the  contents  of  that  water  be  known, 
we  are  enabled  to  anticipate  the  experience 
of  years,  and  inflantly  to  form  a judge- 
ment concerning  the  virtue  of  other  waters, 
which  exaftly  refemble  in  their  contents  the 
water  whofe  properties  are  already  efla- 
blifhed. 

4th,  To  feleCt  fuch  waters  as  are  beft  adapted 
to  the  feveral  arts  and  manufactures. 

5th,  To  amend  the  impure  (in  fcarcity  of  good 
water),  and  to  feparate  from  it  thofe  hete- 
rogeneous particles  which  chiefly  impede  its 
ufe. 

6th,  To  imitate  fuch  as  are  celebrated  for  ex- 
traordinary virtues,  if  a fufficient  quantity 
of  the  natural  water  cannot  conveniently  be 
had. 


g hi.  dn  accurate  dnalyfis  of  Waters  is  jujily 
confidered  as  one  of  the  moji  difficult  Problems 
in  Chymiflry. 

In  proportion  as  an  ingredient  forms  a fmaller 
part  of  a compound  fubflance,  the  more  difficult 
it  is  to  difeover  that  ingredient,  becaufe  it  is  the 
more  inveloped  and  hidden.— By  means  of  fire 
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we  fometimes  difcover  tT4-o-ct  part,  and  even  fotne- 
times  a fmaller  proportion  ; — but  in  the  analyfis 
of  waters  it  is  often  neceffary  to  detect 

nay  7-5-5T5-g^-* 

When  the  fubftance  contained  is  not  only  fmall, 
but  alfo  compofed  of  different  ingredients,  the  re- 
paration becomes  flill  more  difficult.  Sometimes 
the  heterogeneous  matters  in  water  amount  only 
to  -gi-o-o)  yet  this  is  found  to  be  compofed  of  fix, 
feven,  or  eight  different  ingredients',  mixed  toge- 
ther in  fuch  a manner  as  to  be  eafily  confounded  ; 
it  is,  notwithftanding,  neceffary  to  determine  the 
quantity  and  quality  of  each.- 

Add  to  this,  that  fome  of  the  contents  are  fo 
fubtile  as  to  elude  the  fenfes,  or  fo  volatile  as  to 
fly  off  imperceptibly  ; fome  of  the  principles  alfo 
are  decompofed  during  the  examination — hence 
they  require  to  be  invefligated  by  peculiar  con” 
trivances. 

It  may  be  thought  that  the  difference  of  a few 
grains  in  a kanne  will  not  effentially  alter  the  pe- 
culiar virtue  of  the  water ; but  experience  fhews 
the  contrary  very  clearly. 

> Thefe  circumffances  will  ferve  to  fhew  the  dif- 
ficulty of  the  quefhon  before  us,  even  to  thofe 
who  are  altogether  ignorant  of  chymiftry. — And 
perfons  who  are  even  more  than  moderately  fkill- 
ed  m that  fcience,  mult  exercife  peculiar  addrefs* 
m order  to  perform  the  neceffary  operations  with 

fufficient  accuracy.  We  can  by  no  means  there- 
VoL.I.  T-T  r 
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fore  imagine,  that  powder  of  galls  and  fyrup  of 
violets  are  altogether  fufficient  for  this  purpofe. 

I lhould  now  proceed  to  defcribe  the  method 
which  I found  mo  ft  convenient  in  conducing  this 
procefs ; but  it  will  be  advantageous,  previoufly 
to  know  what  heterogeneous  fubftances  are  ufually 
found  in  cold  waters. 


§ iv.  IV hat  heterogeneous  Matters  are  gene- 
rally found  in  IV aters . 

Very  minute  particles  of  flint,  lime,  magnefia, 
and  clay,  are  fometim.es  found  mechanically  fuf- 
pended  in  water.  The  argillaceous  particles  ob- 
fcure  its  tranfparency,  and  render  it  of  an  opal 
colour ; the  others  occaflon  variations  which  are 
Iefs  obfervable,  becaufe  the  fubtilty  of  their  par- 
ticles and  the  furrounding  water  render  them 
tranfparent. — All  thefe  fubftances,  when  fuftici- 
ently  comminuted,  acquire  a furlace  fo  large,  in 
proportion  to  their  weight,  that  the  friction  necef- 
fary  to  be  overcome  in  their  defcent  becomes  fu- 
perior,  or  at  lead  equal,  to  the  difference  of  Ipe- 
cific  gravity  between  the  particles  of  the  earth  and 
thofe  of  the  water,  which  is  the  force  with  which 
the  earthy  particles  tend  to  the  bottom ; and  fo 
long  as  this  equilibrium  takes  place,  the  particles, 
once  diftufed  in  the  water,  will  remain  fufpend- 
ed. 

But  various  fubftances  are  found  united  with 

water. 
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water,  and  with  each  other,  much  more  intimate- 
ly, that  is,  by  means  of  chymical  folution — thefe 
are  now  to  be  enumerated,  and  to  each  we  (hall 
fubjoin  a reference  indicating  the  place,  in  the  fol- 
lowing pages,  where  the  fpecific  nature  and  quan- 
tity of  each  of  them  are  particularly  treated  of. 

Pure  air  is  contained  in  mod  waters,  in  the 
proportion  of  about  one  cubic  inch  to  a kanne; 
this,  when  expelled  by  boiling,  or  by  the  air- 
pump,  is  gradually  recovered  from  the  atmo- 
fphere  (vn.  s ; vm.  a,  b.) 

Aerial  acid  alfo  is  found  in  every  water,  but 
in  very  unequal  quantity;  from  of  the  bulk  of 
the  water,  to  a bulk  equal  to  that  of  the  water  it- 
felf.  This,  as  well  as  the  pure  air,  by  its  dilata- 
tion under  the  receiver,  produces  a number  of 
bubbles ; — it  communicates  to  water  an  agreeable, 
pungent,  and  refrigerant  flavour  (vi.  a,  b,  c j 

VII.  A,  F,  K,  S;  VIII.  A,  B,  C,  D .) 

Inflammable  air  fometimes  ifliies  from  waters  j 
this  fpecies  of  air,  however,  is  not  united  with 
tlK  water,  but  rifes  from  the  bottom,  and  is  ex" 
panded  at  the  furface. 

Tne  other  acids , in  a difengaged  (late,  are  on- 
ly found  in  waters  accidentally  (vi . c j vn.  a,  hj 
viii.  D.) 

Vegetable  alkali  is  rarely  found  in  watefs,  and 
almofl:  always  in  combination  (vi.  c ; vii.  b,  c.); 
fometimes  vitriolated  or  falited,  but  more  fre- 
quently nitrated  (xi.  b,  i,  2,  3.) 

H 2 


Mineral 
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Mineral  alkali , however,  often  occurs,  either 
aerated,  vitriolated,  or  falited  (vn.  f;  xi.  b,  i, 

3*) 

Volatile  alkali  is  fometimes  prefent,  probably 
communicated  by  putrid  vegetable  or  animal  fub* 
fiances  (vi.  b,  c ; vii.  b,  c j vm.  f.) 

Terra  ponderufa  is  fometimes  accidentally  found 
united  with  marine  acid  (vn.  f,  lj  x.  d,  6j 
XI.  B,  4.) 

Lime  frequently  occurs  aerated,  vitriolated, 
nitrated,  or  falited  (vii.  g;  x.  d ; xi.  a,  c.) 

Magnejia  is  not  fo  frequently  found ; yet  fome- 
times  it  occurs  either  aerated,  vitriolated,  nitrated, 
or  falited  (x.  d ; xi.  a,  b,  4.) 

Vitriolated  clay  (/),  or  alum,  is  rarely  found 
in  waters  (vi.  c 5 vn.  n ; x.  d ; xi.  b,  4.) 

Among  the  metals  iron  is  molt  frequently  dif- 
covered  in  waters,  and  that,  aerated,  (vi.  f; 
vii.  d,  e ; x.  d,  4.)  vitriolated,  or  fometimes 
perhaps  falited  (xi.  b,  5.) 

Manganeje  has  not  yet  been  found,  except 
falited,  although  it  may  poffibly  be  difcovered  ae- 
rated or  vitriolated  (vi.  f $ x.  D,  4;  xr.  b,  5.) 


(/')  An  ingenious  Englifh  phyfician  has  detefted  an 
earthy  fait,  which  one  fliGuld  flill  lefs  expedt  to  find  in 
water.  He  has  met  with  muriated  or  falited  clay  in  Ne- 
vi]  Holt  water,  which  has  long '.baffled  the  attempts  of 
chymifts  to  analyfe  it. — His  analyfis  has  not  been  publilh- 
cd.  B.' 


Copper' 
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Capper  has  only  been  found  vitrlolated  (vi.  a, 
f;  xi.  b,  5.) 

Arfenic  very  rarely,  and  in  the  form  of  a calx 
(xi.  b,  5.) 

Extracts  from  vegetable  and  animal  fubflan  • 
cej-,  with  which  water,  pafling  through  ftrata 
containing  fuch  bodies,  is  fometimes  contamina- 
ted. 

Somewhat  of  an  hepatic  nature  is  alfo  found, 
efpecially  in  hot  waters,  and  fometimes  alfo  in 
cold  chalybeate  waters ; but  in  general  it  is  fo 
fubtile  that  it  indantly  flies  off  in  the  open  air,  and 
manifeds  itfelf  no  other  way  than  by  its  fmell  (vr. 
b.).  A genuine  hepar  is  rarely  prefent,  although 
it  is  fallacioufly  indicated  by  an  hepatic  vapour, 
confiding  of  fulphur  refolved  into  the  form  of  va- 
pour by  means  of  phlogiflon  and  the  matter  of 
heat ; as  is  clearly  demonftrated  in  the  Treatife 
on  the  products  of  fubterraneous  fire.  The  me- 
thod of  feparating  the  fulphur  in  its  proper  form 
will  be  explained,  (vir.  f,  t.) 

I could  not  difcover  any  certain  figns  of  bitu- 
minous  oil , it  being  immifcibJe  with  water,  unlefs 
by  means  of  an  alkali.  Petroleum,  agitated  with 
didilled  water,  feparates  again  upon  handing.  It 
mult  be  acknowledged,  however,  that  the  water, 
even  after  the  mod  careful  filtration,  dill  retains 
a drong  bituminous  finell ; yet  nitrated  mercury 
occafions  no  precipitate  (vu.  p„) 

I hefe  heterogeneous  matters  are  never  found  all 

3 together, 
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together,  but  are  more  or  lefs  numerous  in  differ- 
ent waters.  Thus  Tome  of  them  are  contained 
in  atmofpheric  waters  ; others  in  thofe  found  on 
the  furface  of  the  earth ; and,  finally,  others  in 
fea-water. 

Snozu-water  contains  a fmall  quantity  of  falited 
lime,  together  with  foine  flight  veftiges  of  nitrous 
acid;  this  water,  when  newly  melted,  is  totally 
void  both  of  air  and  of  the  aerial  acid  ; fubftances 
which  are  found,  in  greater  or  lefs  quantity,  in 
almoft  all  other  waters and  hence  it  is,  per- 
haps, that  fnow-water  is  noxious  to  animals. 

Rain-water  is  generally  contaminated  with  the 
fame  fubftances  as  the  former;  but  in  greater 
quantity : it  is  obvious  that  thefe  waters,  while 
fufpended  in  the  air,  muft  colleft  and  abforb  the 
various  heterogeneous  matters  with  which  the  at- 
mofphere  abounds,  and  therefore  can  never  be  ob- 
tained pure.  Immediately  after  long  continued 
rain  or  fnow,  thefe  waters  are  found  lead  loaded 
with  heterogeneous  matter. 

Spring-water , when  of  the  pureft  kind,  con- 
tains but  little  heterogeneous  matter,  otherwife 
we  find  in  it  aerated  lime,  falited  lime,  common 
fait,  and  fometimes  a fmall  quantity  of  alkali. — 
Thofe  fprings  which  are  called  mineral  alfo  con- 
tain gypfum,  aerated  and  vitriolated  inagnefia, 

vitriol,  aerated  iron,  &c. 

River- waters  are  often  fo  much  purified  by 

their  motion  as  to  contain  nothing  more  than  ae- 
rated 
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rated  lime,  common  fait,  and  fometimes  a little 
alkali.  Thefe  are  generally  lighter  than  fpring- 
waters,  and  the  more  pure,  in  proportion  to  the 
rapidity  of  their  courfe,  and  the  hardnefs  of  the 
bottom  over  which  they  run. 

JVell-waters , befides  a large  quantity  of  the 
above-mentioned  fubltances,  often  afford  gypfum 
and  nitre. 

Lake-waters  are  lefs  clear  than  any  of  the  for- 
mer, they  are  alfo  heavier,  and  depofit  fpontane- 
oufly  fome  earthy  fediment : they  fometimes  con- 
tain all  the  fubltances  above  recited ; and  befides, 
are  generally  vitiated  by  an  animal  or  vegetable 
extract. 

MarJJj-waters  have  lefs  motion,  and  therefore 
are  lefs  clear,  more  heavy,  and  more  vitiated  by 
extradive  matter ; hence  they  generally  exhibit 
fomewhat  of  a yellowifh  brown  colour. 

Sea-water  contains  common  fait,  vitriolated 
and  falited  magnefia,  gypfum,  and  a confiderable 
quantity  of  the  putrid  extrad,  which  is  generated 
partly  from  the  innumerable  crowd  of  animals 
which  there  live,  die,  and  are  decompofed  ; and 
partly  is  there  colleded  by  falling  into  it  from  the 
earth. 

In  examining  the  produds  of  fubterraneous  fire, 

I have  particularly  enquired  whence  thefe  hetero- 
geneous matters,  and  the  different  degrees  of 
heat  in  waters,  are  derived. 
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§ v.  Water  may  be  examined  in  two  different 

ways,  by  Precipitants , or  by  Evaporation . 

We  attain  the  knowledge  of  the  heterogeneous 
matters  in  water  chiefly  by  two  methods,  by  pre- 
cipitants, and  by  evaporation.  Precipitants  arc 
fubftances  which,  on  being  added  to  waters,  ei- 
ther immediately,  or  after  fome  fhort  time,  by 
altering  their  colour,  or  difturbing  their  tranfpa- 
rency,.  fhew  the  heterogeneous  matters  they  con- 
tain. Ihefe,  for  the  purpofe  of  expedition,  are 
very  commodious  ; but  they  do  not  afford  an  ac- 
curate decifion,  efpecially  when  the  queflion  is 
concerning  quantity.  The  weight  of  the  precipi- 
tate may  often,  indeed,  be  of  confiderable  ufe 
even  in  that  view,  as  fliall  prefently  be  fhewn, 
though  it  has  not  yet  been  employed  for  that  pur- 
pofe. , 

The  other  method  confifls  in  feparating  the 
contents  by  evaporation  and  cryffallization. 

When  there  is  time  fufflcient,  and  we  wifh  to 
examine  a water  very  accurately,  both  thefe  me- 
thods fliould  be  employed,  as  they  reflect  mutual 
light  upon  each  other,  and  the  precipitants  indi- 
cate the  proper  method  of  conducting  the  evapo- 
ration. 

Finally,  in  order  to  form  a right  judgement,  we 
muft  confirm  our  analyfis  by  fynthefis.  For  this 
purpofe  the  pureft  fnow-water,  gently  diftilled, 

and 
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and  freed  from  empyreuma  by  {landing  in  the 
open  air,  fliould  be  employed  ; and  when  the  he- 
terogeneous matters  which  have  been  difcovered 
are  added  in  due  proportion,  the  artificial  water 
fliould  be  precifely  like  the  natural  in  every  cir- 
cumftance. 

§ vi.  The  Phyfical  Qualities  to  be  obferved. 

In  forming  a judgement  of  the  nature  of  wa- 
ters, their  fenfible  qualities  afford  no  inconfider- 
able  affiftance. 

(a)  The  fight  is  capable  of  afcertaining  many 
circumftances  of  confequence. 

A clear nefs  equal  to  that  of  cryflal  indicates 
great  purity.  On  the  contrary,  muddinefs,  and 
a brown  colour  {hew  plainly  that  heterogeneous 
matters  are  fo  grofsly  mixed  with  the  water  as  to 
obftrudt  the  pafiage  of  the  rays  of  light.  When 
the  bottom  is  clay  or  mud,  the  water  is  never 
perfectly  clear ; but  when  it  runs  over  fand  it  is 
in  general  extremely  tranfparent. 

Good  water  is  entirely  without  colour,  but  it 
does  not  thence  follow  that  all  colourlefs  water  is 
to  be  confidered  as  good.  A brown  colour,  ver- 
ging to  red  or  yellow,  is  found  in  dull  ftagnant 
waters ; it  is  fometimes  occafioned  by  iron,  fome- 
times  by  putrid  extractive  matter,  and  fometimes, 
perhaps,  is  derived  from  fome  unftuous  fubftance. 

rmA. 
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—A  blue  colour  indicates  vitriol  of  copper ; a 
green,  martial  vitriol,  &c. 

If  the  water,  upon  agitation,  emits  a number 
of  airy  bubbles,  a quantity  of  aerial  acid  is  indi- 
cated. 

(b)  Good  water  has  no  fmcll.  — Such  as  a- 
bounds  with  the  aerial  acid  diffufes  a fubtile  and 
penetrating  odour ; fuch  as  contains  any  portion 
of  hepar  fulphuris  yields  a fmell  refembling  that  of 
putrid  eggs  or  fired  gunpowder. — Stagnant  and 
corrupted  waters  have  a putrid  offenfive  fmell. 

(c)  Water  is  the  better,  in  proportion  as  it  is 
the  more  completely  void  of  tafte ; yet  a palate 
which  is  delicate,  and  accuftomed  to  the  tafte  of 
waters,  will  difcover  fome  difference  even  among 
the  pureft.— Aerial  acid  occafions  a gently  pun- 
gent acefcent  tafte ; — a bitternefs  accompanies 
Glauber’s  fait,  nitre,  vitriolated,  nitrated,  or  fa- 
lited  magnefia;  as  alfo  nitrated  or  falited  lime ; — 
U flight  aufterity  proceeds  from  lime  or  gypfum  — 
a fweet  allringency  from  alum  — a faltilhnefs  from 
common  fait — a lixivious  flavour  from  alkali  — 
an  seruginous  one  from  copper  — and  an  inky  one 
from  iron. 

(d)  The  fpecific  gravity  lays  in  fome  degree  a 
foundation  for  eftimating  the  quantity  of  hetero- 
geneous matters  contained  in  water ; but  cannot 
always  determine  the  matter  with  accuracy ; be- 
caufe,  in  fome  inftances  at  leaft,  a mutual  pene- 
tr^t;pn  may  take  place. 


It 
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It  is,  however,  in  general  true,  that  the  lighter 
waters  are  more  pure  than  the  heavier  ; and  for 
determining  this  point  an  hydroftatic  balance,  and 
a good  aerometer,  are  peculiarly  convenient : but 
if  thefe  inftruments  are  not  to  be  had,  an  ordi- 
nary balance  may  be  fo  managed  as  to  compare 
the  weight  of  diflilled,  or  very  pure  fnow- water, 
with  that  of  other  waters ; this  is  done  by  means 
of  a glafs  veffel  with  a narrow  neck,  which  is  to 
be  filled  with  water  to  a certain  mark,  and  exadt- 
ly  weighed.  The  larger  this  veffel  is  the  better — 
but  one  containing  a quadrans  (/£)  or  two,  is  ge- 
nerally fufficient ; for  greater  quantities  require 
large  weights,  which  are  lefs  accurate. 

Finally,  in  whatever  way  thefe  experiments  are 
made,  the  waters  compared  muff  be  of  the  fame 
temperature,  otherwife  the  conclufion  will  necef- 
farily  be  fallacious. 

(e)  In  the  examination  of  waters,  the  tempe- 
rature fliould  be  determined  by  an  accurate  ther- 
mometer, and  the  following  particulars  obferved  : 
— whether  the  temperature  of  the  water  under 
examination  is  the  fame  throughout  the  year,  or 
whether  it  follows  the  changes  of  the"  atmo- 
fphere — whether  it  freezes  in  winter — whether 
the  hot  waters  form  any  depofition  during  refri- 
geration— and  whether,  in  confequence  of  cool- 

(k)  The  Kanne  contains  8 quadr^ntes,  of  which  each 
contains  12^  Swcdifh  inches. 
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ing,  their  fmell  and  tafte  grow  faint,  or  entirely 
dilappear. 

(f)  Local  circumftances  are  by  no  means  to  be 
negle&ed  ; to  thefe  belong  the  fttuation  of  the 
water,  with  refped  to  its  geography  both  political 
and  natural,  and  the  elevation  and  properties  of 
the  furrounding  foil.  The  quantity  of  the  water 
fhould  alfo  be  obferved — whether  it  remains  the 
fame  at  all  feafons  of  the  year,  or  is  obvioufly  de- 
pendent upon  dry  weather  and  rain — whether  it 
is  ftagnant — whether  it  runs  fwiftly  or  {lowly — 
what  quantity  flows  from  the  fpring  in  a given 
fpace  of  time — how  many  veins  the  fpring  confifts 
of,  &c. 

Whether  the  water  depofits  in  its  bed  a faline*, 
an  earthy,  an  eruginous,  or  an  ochry  fediment 
— whether  bodies  lying  in  it  are  covered  with  a 
cruft — whether  faline  efilorefcences  are  to  be  found 
in  its  neighbourhood — whether,  in  the  channels 
and  caverns  through  which  it  pafies,  fulphur  is  fub- 
limed — whether  it  iflues  gently,  or  burfts  forth 
with  a fort  of  ebullition,  &c. 

It  is  alfo  proper  to  obferve  whether  any  vege- 
tables grow  in  the  water,  and  what — and  whether 
any  animalcule  live  in  it. 


§ vii.  The  Principal  Precipitants. 

(a)  TinClure  of  Turnfole  is  obtained  from  the 
pigment  called  lakmus,  enclofed  in  a dean  linen 

cloth, 
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cloth,  and  fteeped  in  diftilled  water.  This  water 
foon  affumes  a ^blue  colour ; but,  when  viewed  a- 
gainft  the  light,  it  thews  a violet  tinge.  If  water 
be  gradually  added,  the  reddifh  tinge  is  diminifh- 
ed,  and  at  laft  entirely  difappears.  This  tinc- 


ture is  capable  of  dete&ing  the  mod  minute  par- 
ticle of  difengaged  acid,  by  inftantly  groving 
red.  A fingle  grain  of  highly  concentrated  vi- 
triolic acid  communicates  a vifible  red  tinge  to 
172,30°  grains  (/),  or  408  cubic  inches,  of  the 
blue  tindture. 

In  thefe  experiments  the  fame  glafs  veffel,  or  at 
leaft  veffels  nearly  fimilar,  lhould  always  be  em- 
ployed ; for  a fmall  difference  in  the  diameter  of 
the  containing  veffel  will  occafion  a difference  in 
the  colour  of  the  tindture,  when  viewed  with  the 
rays  of  light  paffrng  through  it The  veffel  which 
1 make  ufe  of  in  thefe  experiments  is  cylindrical, 
and  17  decimal  (m)  lines  in  diameter. 


Paper  tinged  by  faturated  tintiure  of  turn . 
foie,  with  a little  ftarch  boiled  in  it,  is  in  certain 
cafes  more  readily  changed  ; — a paper  thus  prepa- 
red, dipped  into  diftilled  water  containing  12 
grains  of  highly  concentrated  vitriolic  acid  to  the 
kanne,  and  inftantly  taken  out,  is  found  to  be 

(0  The  Swedifli  apothecaries  pound  confifts  of  12  ounces 

and  each  ounce  of  480  grains. 


H The  Swedifh  foot  confifts  of 
of  10  lines. 


10  inches,  and  each  inch 
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red — and  this  fame  paper,  after  being  made  red 
by  diftilled  vinegar,  ferves  to  difcover  alkalis,  by 
recovering  its  blue  colour  more  or  lefs  complete- 
ly. The  prefence  of  an  alkali  may,  to  a certain 
degree*  be  difcovered  by  means  of  the  blue  paper 
— its  blue  colour  being  heightened  by  the  alkali. 
Diftilled  water,  containing  40  grains  of  cryftalli- 
zed  fal  fodte  to  the  kanne,  reftores  the  blue  co- 
lour to  the  paper  reddened  by  vinegar,  and  a 
much  lefs  quantity  of  alkali  renders  the  red  colour 
obfcure. 

We  mult  not,  however,  be  without  the  tin&ure 
itfelf,  as  being  more  fenfible  than  the  paper.  Thus* 
water  faturated  with  aerial  acid,  does  not  change 
the  colour  of  the  paper  ; yet  one  part  of  fuch  wa- 
ter makes  about  50  parts  of  the  tin&ure  diftin<ftly 
red.  Nearly  the  fame  effect  is  produced  by  a 
fmgle  grain  of  highly  concentrated  vitriolic  acid, 
mixed  with  3,445  grains  of  diftilled  water  5 there- 
fore, fuppofing  the  fpecific  gravities  of  diftilled 
water,  concentrated  vitriolic  acid,  and  aerial  acid, 
to  be,  refpe&ively,  as  1,  2,  and  0,0018,  we  can 
in  fome  ineafure  compare  the  forces  ot  thefe  acids  ; 
for,  upon  calculation,  they  are  found  to  be  in  e- 

qual  weights,  as  3,445  to  555»  or  as  to  1 — 1 
and  in  equal  bulk  as  6,890  to  1. 

(b)  The  xv  at  try  tintture  of  Brafil  wood  is 
red,  but  readily  takes  a blue  colour  from  alkalis ; 
paper  fteeped  in  this  tin&ure,  with  a little  ftarch 
boiled  in  it,  is  alfo  red,  and  is  equally  fit  for  the 

prefent 
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prefent  purpofe ; we  may  therefore  difpenfe  with 
the  tin&ure,  the  application  of  which  i*3  more  trou* 
blefome.  One  grain  of  newly  cryftallized  fal  fo- 
dse,  difiblved  in  4,295  grains  of  water,  or  (which 
is  the  fame)  10  grains  in  a kanne,  changes  the  red 
colour  of  this  paper  to  a blue,  faint  indeed,  but 
eafily  diftinguifhable ; na)r,  an  experienced  eye  will 
perceive  the  change,  even  though  there  be  no 
more  than  fix  grains  to  a kanne. 

Acids  induce  a yellow  colour  upon  paper  tinged 
by  Brazil  wood,  and  reftore  immediately  the  ori- 
ginal red  colour  to  the  paper  which  has  been  made 
blue  by  alkalis. 

(c)  tV atery  tintture  of  turmeric  is  more  or 
iefs  changed  to  a brown  by  alkalis : paper  tinged, 
as  in  the  former  cafe,  by  this  tin&ure  and  ftarch, 
poffeifes  the  fame  property  with  the  foregoing  ; fo 
that  the  tinfture  may  be  difpenfed  with.  A Single 
grain  of  newly  cryflallized  fal  fodm,  difiblved  in 
859  grains  of  diftilled  water,  communicates  to  it 
the  property  of  manifeftly  obfcuring  the  yellow  co- 
lour of  the  paper  : hence  a kanne  of  water  will 
not  produce  the  fame  effect,  unlefs  it  contains  49 
grains  of  that  alkali — acids  render  the  yellow  co- 
lour fomewhat  paler — volatile  alkali  produces  chan- 
ges upon  all  thefe  papers,  but  thefe  changes  are 
very  fugitive. 

All  thefe  precipitants  may  be  advantageoufly 
employed ; the  firft,  chiefly  for  difcovering  acids, 
and  the  two  laft  for  alkalis  j it  is  true,  indeed, 

that 
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that  the  blue  of  the  turnfole,  when  changed  to  a 
red  by  acids-,  may  ferve  to  difcover  alkalis,  fo  that 
the  papers  tinged  by  turmeric  and  Brazil  wood 
may  feem  unneceffary  ; — but  we  muft  obferve  that 
the  latter  of  thefe  two  exceeds  all  other  tells  in 
fenflbility,  fo  as  even  to  difcover  certain  earths  dif- 
folved  in  water  by  means  of  aerial  acid,  fuch  as 
terra  ponderofa,  lime,  and  magnefia.  As  to  the 
former,  it  is  indeed  more  flow,  but  by  this  very 
flownefs  it  indicates  in  fome  degree  the  relative 
quantity  ; and  befides,  when  it  is  neceflary  to  ob- 
ferve the  change  of  colour  occafioned  by  alkalis 
by  candle-light,  the  effe&  upon  turmeric  is  more 
diftinguilhable. 

Syrup  of  violets,  therefore,  is  by  no  means  ne- 
ceflary, efpecially  as,  ift,  we  can  feldom  have 
any  genuine,  at  leafl  in  Sweden ; 2d,  this  fyrup 
fpontaneoufly  acquires  a red  colour  by  fermenta- 
tion ; and,  3d,  it  is  rendered  green  not  only  by 
alkalis,  but  by  iron ; which  renders  any  conclu- 
fion  drawn  from  thence  ambiguous  (n). 

The 

(«)  It  may  be  doubted  whether  the  reafons  here  ailed- 
ged  are  fufficient  to  juftify  the  learned  Profeflor  in  expel- 
ling fo  contemptuoufly  fyrup  of  violets  from  the  place  that 
it  has  fo  long  held  in  the  clafs  of  reagents.  For,  ift,  we 
are  taught  by  chemical  writers  how  to  diRinguilh  the  ge- 
nuine from  the  fpurious  fyrup,  viz.  by  folution  of  corro- 
five  fublimate,  which  changes  the  former  to  a green,  while 
it  reddens  the  latter.  2.  It  is  not  eafy  to  be  milled  by  the 

alteration  produced  by  the  fpontaneous  fermentation,  bc- 

caufe 
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The  general  rule,  namely,  That  blue  vegetable 
juices  are  made  red  by  acids,  and  green  by  alka- 
lis, is  liable  to  two  exceptions  already  known  * viz. 
lakmus  is  rendered  more  intenfely  blue  by  alkalis, 
and  indigo  diffolves  in  vitriolic  acid,  without  any 
change  of  colour.  The  blue  juices  of  different  ve- 
getables are  unequally  affedled  by  acids  and  alka- 
lis ; a circumftance  which  demands  a feries  of  ex- 
periments, in  order  to  afcertain  the  relative  power 
of  thefe  falts.  Pure  aerial  acid  does  not  exert  its 
power,  except  upon  tincture  of  turnfole  ; — didd- 
led vinegar  changes  fyrup  of  violets,  but  has  no 
effeft  upon  the  blue  paper  ufed  for  covering  fugar- 
loaves,  which  yet  is  made  red  by  the  ftronger 
acidsj  and  fo  of  the  reft.-— Befides,  determined 


caufe  the  experimenter  cannot  fail  to  perceive  that  before- 
hand. 3.  He  'who  has  once  compared  the  green  produced 
by  iron  with  that  produced  by  alkalis,  will  eafily  be  en- 
abled to  dillinguiih  them  on  every  future  occafion  ; the  lat- 
ter being  a lively  and  pleafant  tinge,  tlie  former  a yellovv- 
ifh  dirty  hue.  4.  “ When  certainty,”  fays  M.  de  Mor- 
veau,  can  only  be  attained  by  the  coincidence  of  many 
refults,  this  additional  inilrument,  which  in  fome  cafes 
Iheus  properties  different  from  other  analogous  reagents, 
ought  not  to  be  entirely  thrown  afide.” 

“ M.  Neuman  and  the  Count  de  Saluces,”  adds  the 
fame  judicious  annotator,  “ have  obferved  that  fyrup  of 
violets  pafTes  from  green  to  yellow  when  the  alteratiori 
as  een  made  by  alkaline  liquors,  but  continues  greert 

;yen  the  change  has  been  produced  by  neutral  falts.” 
Mem.  de  Turin.  B. 
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weights  of  vitriolic  acid  and  of  alkali  fhould  be 
fucceflively  mixed  with  different  quantities  of  wa- 
ter, and  their  various  effedts  upon  the  vegetable 
juices  accurately  noted.  Thus,  from  a compari- 
fon  of  their  effects,  the  quantities  of  acids  and  al- 
kalis, which  are  at  prefent  unknown,  might  in 
fome  degree  be  determined.  But  this  ufeful  in- 
vedigation  requires  a long  train  of  experiments. 

(d)  A faturated  tincture , extradted  by  fpirit 
of  wine  from  powdered  galls : the  watery  tin&ure 
may  alfo  be  employed,  but  it  foon  grows  mouldy. 
— By  this  tindture  iron  is  difcovered,  being  flowly 
precipitated  : — if  the  quantity  of  inetal  be  fmall, 
the  precipitate  is  purple;  if  large,  black.  Dif- 
tilled  water,  containing  three  grains  of  crydalliz- 
ed  martial  vitriol  in  the  kanne,  upon  the  addition 
of  a fingle  drop  of  this  tindture,  grows  diftinaiy 
purple  in  lefs  than  five  minutes.  Yet  three  grains 
of  martial  vitriol  contain  no  more  than  grain 
of  iron. 

(e)  The  phlogifiic cited  alkali,  as  it  is  com- 
monly called,  is  bed  prepared  from  four  parts  of 
Prudian  blue,  boiled  with  one  part  of  alkali  in  a 
fufficient  quantity  of  water.  The  clear  liquor,  fa- 
turated with  an  acid,  mud  then  be  freed  by  fil- 
tration from  the  fmall  portion  of  Prudian  blue 
which  is  feparated.— This  preparation  is  extremely 
well  adapted  for  difeovering  the  fmalled  portion 
of  iron.  Diddled  water,  containing  in  the  kanne 
one,  or  at  mod  two  grains  of  green  vitriol,  on 
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the  addition  of  a fingle  drop  of  this  lixivium  in- 
ftantly  (hews  a Pruffian  blue. — It  alfo  precipitates 
other  metals  ; — copper  it  precipitates  of  a reddifh 
brown  colour-— manganefe,  white  ; and  fo  of  the 
reft. 

(F)  Concentrated  vitriolic  acid  dropped  ill 
water  immediately  precipitates  a fpathum  ponde- 
rofum,  if  (which  rarely  happens)  there  be  prefent 
any  terra  ponderofa  ( iv.)  The  appearance  of  a 
number  of  bubbles  (hews  whether  there  be  any 
confiderable  portion  of  alkaline  fait,  lime,  or  mag- 
nefia,  diffolved  by  the  aerial  acid. — In  order  to 
occafion  a fenfible  effervefcence  there  fhould  be  at 
leaft  390  grains  of  newly  cryftallized  fal  fodae  in  a 
kanne,  a quantity  which  however  is  not  affeded 
by  ftrong  marine  acid.  The  other  mineral  acids 
may  be  employed  for  the  fame  purpofe  ; but  the 
effeds  of  thefe  will  be  always  lefs  remarkable,  as 
they  are  lefs  fufceptible  of  concentration  to  fo 
great  a degree  as  the  vitriolic  add. — The  concen- 
trated nitrous  acid  is  however  very  ufeful  for  dif- 
covering  fulphur  in  the  hot  waters  which  have  art 
hepatic  fmell — for  this  acid,  feizing  the  phlogi- 
fton,  precipitates  the  fulphur  which,  by  its  means, 
was  united  to  the  matter  of  heat,  though  the  ful- 
phur fo  combined  is  able  to  elude  all  the  ordinary 
modes  of  examination ; —concentrated  nitrous 
acid,  added  in  proper  quantity,  foon  takes  away 
the  hepatic  fmell,  thereby  indicating  a decompofi- 
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tion,  and  the  fulphur,  fubtilely  divided,  falls  flow- 
ly  to  the  bottom.  t 

(g)  The  acid  of  fugar  is  one  of  the  moll  de- 
licate tells  hitherto  known  for  the  difeovery  of 
lime,  however  mixed.  A fingle  grain  of  pure 
lime  diflolved  in  a kanne  of  diltilled  water,  (hews 
white  clouds  and  flriae,  if  a finall  portion  of  cry- 
ftallized  acid  of  fugar  be  laid  on  the  furface,  or 
diflolved  and  dropped  in. 

If  the  lime  be  in  a Hill  fmaller  quantity,  and  the 
moll  minute  cryftal  of  faccharine  acid  let  fall  to 
the  bottom,  in  a Ihort  time  a fort  of  powder,  con- 
fiding of  faccharated  lime,  is  found  about  the 
fpot  where  the  cryftal  falls.  Scarce  any  water  is 
entirely  free  from  lime  ; and  the  pureft,  within 
twenty-four  hours  at  leaft,  depofits  a portion  of 
faccharated  lime,  although  fometimes  fo  fparingly 
as  to  efcape  obfervation,  unlefs  lines  be  drawn  on 
the  bottom  of  the  veflel  with  a glafs  rod. — Such 
is  the  water  ot  Varby,  which  is  juftly  enumerated 
among  the  bell  waters  in  Sweden. 

Efi'ential  fait  of  zuood-forrel,  and  the  micro- 
cofmic  fait , alfo  precipitate  lime  ; but  more 
flowly  and  lefs  effectually  than  the  acid  of  fugar 
does. 

(h)  derated  fixed  alkali  precipitates  all  earths 
and  metals  from  their  folutions : it  the  fuoftance 
to  be  precipitated  is  eaftly  foluble  in  the  aerial 
acid,  the  cauftic  alkali  in  general  eftefts  a more 
remarkable  feparation — generally,  I fay,  for  this 
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is  not  always  the  cafe ; for  terra  ponderofa  is  not 
precipitated  by  that  alkali. — If  there  happens  to 
be  prefent  a difengaged  mineral  acid,  every  par- 
ticle of  the  aerated  alkali  emits  bubbles. 

(1)  derated  volatile  alkali  precipitates  all 
earths  and  metals ; but  cauftic  volatile  alkali  has 
no  effett  on  lime  or  terra  ponderofa.  Diftilled 
water,  aontaining  98  grains  of  vitriol  of  copper  to 
the  kanne,  is  fcarcely  blue.  If  in  the  fame  quan- 
tity of  water  there  be  only  grains,  the  copper 
is  diftin&ly  precipitated  on  polifhed  iron ; but  a 
few  drops  of  folution  of  volatile  alkali  only  occa- 
sions a cloud,  which  is  fcarcely  vifible.  This 
cloud,  if  the  vitriol  be  in  larger  quantity,  foon 
changes  from  an  afh  colour  to  a blue  ; and,  when 
well  diffufed  by  agitation,  communicates  to  the 
water  a faint  and  dufky  tinge.  If  the  volatile  ak 
kali  be  fuperabundant,  all  the  precipitated  copper 
is  re-diifolved  with  a moft  beautiful  azure  colour ; 
for  the  quantity  of  this  metal  which  is  contained 
in  four  grains  of  blue  vitriol,  is  fuffioient  to  give 
a vifible  tinge  to  a whole  kanne  of  water,  if  the 
copper  be  precipitated  by  a proper  quantity  of  vo- 
latile alkali,  and  afterwards  re-diffolved'  by  a fu- 
perabundance  of  the  fame  alkali. 

(k)  Lime-xeater  dropped  into  water  which 
contains  any  aerial  acid,  renders  it.  inftantly  tur- 
bid ; becaufe  that  portion  of  the  lime  which  is  fa- 
turated  by  that  fubtile  acid  lofes  its  folubility. 

(l)  Salited  terra  ponderofa  is  of  confiderable 
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life  in  difcovering  the  fmalleft  veftige  of  vitriolic 
acid,  with  whatever  menftruum  it  may  be  united; 
for  this  acid  feparates  terra  ponderofa  from  all 
others,  forming  with  it  a fpathum  ponderofum, 
fcarcely  any  of  which  water  is  able  to  take  up. 
Diftilled  water,  containing  12  grains  of  newly 
cryftallized  Glauber’s  fait  to  the  kanne,.  on  the 
addition  of  a few  drops  of  folution  of  falited  terra 
ponderofa,  immediately  exhibits  white  fhriae — If 
there  be  prefent  no  more  than  three  grains  of  the 
Glauber’s  fait,  after  a few  minutes  a cloud  forms 
at  the  bottom,  which  alfo  happens  even  when 
there  is  but  one  grain  in  the  kanne  ; but  in  this 
cafe  the  water  muft  (land  fome  hours  before  the 
cloud  becomes  vifible.  Now,  that  we  may  the 
better  judge  how  great  the  nicety  of  this  precipi- 
tant is,  let  us  confider  that  1 2 grains,  3 grains, 
and  1 grain  of  Glauber’s  fait,  contain  refpe&ively 
no  more  than  3,  0,78,  and  0,26  grains  of  vitrio- 
lic acid ; fo  that  this  fubftance  exceeds  turnfole  it- 
felf  in  fenfibility. 

(m)  Salited  lime  is  generally  confidered  as  a 
ufeful  medium  for  difcovering  fixed  alkali,  for 
the  aerated  lime  feparates,  and  falls  to  the  bot- 
tom ; but  this  experiment  is  ambiguous,  be- 
caufe,  if  any  vitriolated  magnefia  be  prefent,  a 
double  decompofition  takes  place,  and  a gypfum  is 
formed. 

( n ) Solution  of  alum  has  fometimes  been  em- 
ployed, but  is  of  little  ufe,  as  it  is  decompoffcd  by 
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alkalis,  either  fixed  or  volatile,  and  by  aerated,  Ta- 
lked, or  nitrated  lime.  If  a piece  of  alum,  the 
bulk  of  a fmall  pea,  be  put  into  the  water  under 
examination,  in  a quarter  of  an  hour  a fpungy  ftra- 
tum  is  obferved,  horizontally  fufpended  near  the 
bottom  : however,  as  before  obferved,  the  caufe  of 
this  phenomenon  is  uncertain,  unlefs  determined 
by  other  experiments. 

Seven  grains  of  alum  diffolved  in  a kanne  of  wa- 
terj  upon  the  addition  of  a fingle  drop  of  folution 
of  alkali,  either  mild  or  cauftic,  inftantly  fliew  a 
manifeft  argillaceous  precipitate. 

(o)  Nitrated  Jilver  diffolved  in  diftilled  water 
affords  a moft  complete  method  of  difcovering  the 
fmalleft  traces  of  marine  acid ; for  this  acid,  whe- 
ther difengaged  or  united  with  another  bafe,  in- 
ftantly feizes  the  filver,  forming  with  it  a metallic 
fait  very  difficult  of  folution,  which  therefore  fe- 
parates  in  the  form  of  a white  mucilage,  A fingle 
grain  of  common  fait  diffolved  in  a kanne  of  di- 
ftilled  water,  at  the  firft  drop  of  folution  of  filver, 
exhibits  white  ftria^,  which,  however,  are  not  pro- 
duced, if  the  water  contains  no  more  than  half  a 
grain — but  a grain  of  common  fait  contains  about 
half  a grain  of  marine  acid. — Solution  of  filver  is 
acted  upon  by  vitriolic  acid  far  more  flowly,  for 
no  vifible  turbidnefs  will  arife,  unlefs  the  kanne  of 
water  contains  98  grains  of  Glauber’s  fait,  which 
contain  2,5  grains  of  vitriolic  acid.  Now,  fince  the 
acid  conftitutes  one  fourth  of  falited  filver,  we  may 

I 4 determine 


136  OF  THE  ANALYSIS  OF  WATERS. 

determine  the  quantity  of  marine  acid  from  the 
weight  of  the  precipitate  effeded  by  the  folution  of 
filver  when  the  precipitation  is  complete. — The 
quantity  of  acid  contained  in  vitriolated  filver  is  ve- 
ry little  greater.  . 

II  any  hepar  be  prefent,  the  falited  filver  which 
precipitates  is  of  a lighter  or  darker  brown  colour. 
It  is  alfo  proper  to  obferve,  that  a fingle  drop  of 
folution  of  filver  occafions  a vifible  precipitation  in 
water  altogether  deftitute  of  both  marine  and  vi- 
triolic acid,  provided  it  contains  1 2 grains  of  new- 
ly cryftallized  fal  fodae  to  the  kanne.  Lime  and 
magnefia,  united  with  aerial  acid,  in  like  manner 
precipitate  filver  ; but  the  quantities  have  not  yet 
been  exactly  determined. 

(p)  Nitrated  mercury  is  to  be  employed  with 
great  circumfpection,  as  it  pofTeffes  different  pro- 
perties, according  to  the  circumftances  of  the  fo- 
lution ; for  if  the  folution  has  been  conducted 
without  heat,  very  little  phlogifton  is  loft,  and  the 
fait  eafily  cryftallizes,  being  white,  and  fcarcely 
acrid.  This  is  precipitated,  by  cauftic  vegetable 
alkali,  of  a yellowifh  white  : by#the  fame  alkali, 
faturated  with  aerial  acid,  white  : by  fal  fodae, 
yellow,  which  foon  grows  white  : by  volatile  al- 
kali, greyifh  black:  by  Glauber’s  fait,  or  difen- 
gaged  vitriolic  acid,  white,  granulated,  and  in 
fmall  quantity  ; nor,  if  the  precipitant  has  been 
fparingly  ufed,  does  it  appear  in  lefs  than  an  hour ; 
py  marine  acid,  common  fait,  and  other  faline  fub- 
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dances  containing  that  acid,  white,  in  large  quan- 
tity, and  of  a cafeous  confidence.  Solution  of 
mercury,  made  without  heat,  immediately  difco- 
vers  the  marine  acid,  even  although  there  be  no 
more  than  half  a grain  of  common  fait  in  a kanne 
of  didilled  water : but  it  difcovers  vitriolic  acid 
more  flowly ; for  about  four  grains  of  Glauber’s 
fait  (that  is,  one  grain  of  acid)  are  requifite  in  a 
kanne  of  water,  in  order  to  occafion  a vilible  pre- 
cipitation with  the  fame  degree  of  quicknefs. 

When  neither  vitriolic  acid  nor  marine  acid  is 
prefent,  the  mercury  is  precipitated  by  alkalis j as 
alfo  by  lime  or  magnefia  diffolved  by  means  of 
aerial  acid. — A fingle  drop  of  folution  of  mercury 
forms  vifible  clouds,  although  there  be  no  more 
than  fix  grains  of  newly  crydallized  fal  fodae  in  a 
kanne  of  water. 

Solution  of  mercury,  made  by  long  continued 
boiling  in  fuperabundant  acid,  is  more  dephlogi- 
dicated,  as  appears  from  the  red  vapours  which  it 
fends  forth,  This  folution  crydallizes  with  more 
difficulty,  and  has  a very  acrid  tade.  It  is  preci- 
pitated by  vegetable  alkali  of  a brownifh  yellow, 
but  by  degrees  affumes  a paler  yellow  tinge ; and, 
if  the  alkali  be  fully  faturated  with  aerial  acid,  the 
precipitate  is  at  fird  of  a brownifh  yellow,  but  af- 
terwards becomes  qf  a yellowifli  white.  A brown- 
ifh yellow  powder  is  precipitated  by  fal  fodse  ; this 
powder  afterwards  grows  white.  The  precipitate 
occadoned  by  volatile  alkali  is  white  5 that  by  vi- 
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triolic  acid,  either  difengaged  or  united  with  any 
bafe,  yellow ; but  the  precipitate  immediately 
grows  white  upon  the  affufion  of  a little  marine 
acid.  The  fmalleft  quantity  of  marine  acid,  either 
difengaged  or  otherwife,  occafions  a very  copious 
white  mucilaginous  precipitate.— A blacknefs  in 
the  precipitate  indicates  either  the  prefence  of  an 
hepar,  or  that  the  mercury  is  nearly  in  its  metallic 
Rate  ( o ). 

Mucilage 

' • • . f ‘ | ’ 

( 0 ) It  fometimes  happens,  not  only  that  the  precipitate 
is  black,  but  that  there  appears  upon  the  furface  of  the  li- 
quor a ftiining  pellicle,  which  announces  a fpecies  of  revi- 
vification. When  it  is  confidered,  that  fuch  reduftions  are 
effefted  more  efpecially  by  the  volatile  alkali,  which  con- 
tains phlogifton  among  its  conftituent  parts,  it  would  feem 
certain,  that  the  precipitates  are  fo  much  the  more  colour- 
ed, arid  the  nearer  reduction,  as  the  liquor  itfelf  contains  or 
receives  from  the  precipitant  more  phlogifton.  Profeffor 
Bergman  furnilhes  an  additional  fa£t  in  favour  of  this  opi- 
nion, when  he  obferves,  that  volatile  alkali  produces  a pre- 
cipitate of  a dark  grey  colour,  when  the  folution  has  been 
made  without  lofs  of  phlogifton  ; and  of  a white  colour, 
when  red  vapours  arife  during  folution.  He,  however,  e- 
ftablilhes  here  an  oppofite  principle,  viz.  the  more  there  re- 
mains of  phlogifton  in  the  folution,  thelefs  is  the  precipitate 
coloured.  Each,  therefore,  of  thefe  fyftems  is  inadequate 
to  the  explication  of  the  phenomena.  We  want  fome  fur- 
ther knowledge,  in  order  to  conciliate  them,  and  to  explain 
why,  for  inftance,  the  fame  folution  of  corrofive  fublimate 
is  precipitated  of  a yellow  colour  by  lime-water,  and  of  a 
white  by  cauftic  volatile  alkali. 

The  author’s  obfervation  is,  notwithftanding,  not  lefs 
■ valuable  : 
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Mucilage  is  alfo  precipitated  by  nitrated  mercu- 
ry : thus  diflilled  water,  containing  three  grains  of 
cherry-gum  in  the  kanne,  on  the  addition  of  ni- 
trated mercury  inflantly  forms  white  clouds  and 
Arise. 

(q,)  Corrofive  fublimate  is  alfo  in  ufe  for  the 
examination  of  waters,  efpecially  for  the  difcovery 
of  aerated  alkali.  If  a kanne  of  diflilled  water 
contains  280  grains  of  newly  cryflallized  fal  fodse, 
a fingle  grain  of  faturated  folution  of  corrofive  fub- 
limate immediately  produces  a reddifh  powder  ; a 
fmall  piece  of  the  fublimate  itfelf,  added  to  the  wa- 
ter, difcovers  alkali,  even  better  than  the  folution. 

. — The  caufe  of  the  rednefs  of  this  precipitate  is 
explained  elfewhere  (/>). 

Both  lime  and  magnefia,  when  aerated,  by 
means  of  a double  elective  attraction,  precipitate  a 
calx  of  mercury,  though  {lowly. 

(r)  Ac et cited  lead  is  precipitated  in  the  form 
of  a white  powder  by  the  marine  acid,  either  dif- 

valuable  : it  may  enable  us  to  difcover  why  folutions  of 
the  fame  metal,  in  the  fame  acid,  are  lefs  permanent ; why 
folutions  of  metallic  calxes  are  lefs  apt  to  form  depofitions, 
when  they  proceed  flowly,  &c.  Mr  Maret  has  already 
made  a very  happy  application  of  this  obfervation,  hy 
fhewing,  in  the  Dijon  courfe  of  le&ures,  that  his  procefs 
for  precipitating  iron  in  the  form  of  Ethiops  martial,  by 
cauftic  volatile  alkali,  never  fails,  but  when  a nitrous  folu- 
tion, made  by  heat,  and  with  red  vapours,  is  employed. 
Morveau. 

(/*)  Treatife  on  the  Aerial  Acid,  $ xxi. 

engaged 
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engaged  or  otherwife ; and  this  new  combination 
is  foluble  in  vinegar,  but  is  not  a convenient  pre- 
cipitant, becaufe  falited  lead  is  alfo  foluble  in  a 
large  quantity  of  water  : it  is  more  convenient  for 
difcovering  vitriolic  acid,  for  the  precipitate  or  vi- 
triol of  lead,  which  is  in  the  form  of  fmall  grains, 
is  fcarcely  foluble  in  water,  or  even  in  vinegar. 
Diftilled  water,  containing  1 1 8 grains  of  common 
fait  in  the  kanne,  {hews  ftriae  fomewhat  milky,  if  a 
fmall  piece  of  acetated  lead  be  laid  on  the  furface  ; 
upon  increafing  the  quantity  of  common  fait,  the 
appearance  becomes  more  remarkable.  Nearly 
the  fame  weight  (115  grains)  of  Glauber’s  fait  is 
requifite,  in  order  to  occafion  a vifible  feparation 
of  vitriol  of  lead — and  hence  it  would  appear, 
that  thefe  two  acids  are  almoft  equally  difeover- 
able  by  acetated  lead  ; but  we  muft  obferve,  that 
in  ii 8 grains  of  common  fait,  the  acid  amounts 
to  about  60  grains;  whereas,  in  115  grains  of 
Glauber’s  fait,  the  acid  is  no  more  than  29  — 
Now,  as  vitriolic  acid  forms  nearly  0,2.8  of  vi- 
triol of  lead,  we  may,  from  the  weight  of  the 
vitriol,  in  fome  degree  judge  of  the  quantity  of 
acid,  if  the  water  be  completely  precipitated  by 
the  acetated  lead.  However,  when  muriatic  acid 
is  prefent,  which  is  alinofl:  always  the  cafe,  the 
conclufion  is  rendered  inaccurate,  on  account  of 
the  much  greater  fallibility  ot  falited  lead. 

Acetated  lead  feems  to  lofe  its  acid  fpontaneouf- 
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ly  by  age ; for  a piece  of  it,  when  old,  put  into 
water,  remains  infoluble  at  the  bottom. 

A brown  or  black  fediment  indicates  the  pre- 
fence of  fulphur  in  a Hate  of  folution ; alkalis, 
lime,  and  magnefia,  diflolved  in  water  by  means 
of  aerial  acid,  alfo  precipitate  lead,  without  the 
prefence  of  either  marine  or  vitriolic  acid.  A fingle 
drop  of  folution  of  lead  exhibits  white  flrise,  in 
water  containing  no  more  than  fix  grains  of  newly 
cryftallized  fal  fodrn  to  the  kanne. 

(s)  In  fome  cafes,  martial  vitriol  promifes  to 
be  of  ufe.  If  a cryftal  of  this  fait  be  put  into  an 
ounce  phial  filled  with  diftilled  water,  the  phial 
immediately  well  clofed,  and  fet  in  a cool  place, 
the  vitriol  is  diflolved,  without  depofiting  any 
ochre,  unlefs  the  water  has  taken  up  pure  air, 
which  very  powerfully  attracts  phlogiflon,  and 
therefore  feparates  a portion  of  it  from  the  bafe  of 
the  vitriol ; fo  that  the  bafe,  being  calcined,  re- 
quires more  acid  than  before  to  fufpend  it ; and 
if  the  deficient  acid  be  not  added,  the  iron  necef- 
fariiy  falls  in  the  form  of  an  ochre.  The  fame  is 
evidently  feen,  when  the  precipitation  is  effected 
by  means  of  an  alkali ; for  the  fediment,  which  is 
at  firft  green,  preferves  its  colour  in  a vefiel  full 
and  perfectly  clofed,  provided  the  water  be  depri- 
ved of  air,  but  in  an  open  veflel  it  foon  changes 
to  a ferruginous  colour ; becaufe,  even  though 
the  water  had  not  contained  any  air,  the  external 
air  acts  upon  the  precipitate.  When  the  water 

does 
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does  not  contain  any  thing  capable  of  precipita- 
ting the  vitriol,  a few  drops  of  alkaline  lixivium 
may  be  added  before  the  veflel  is  {hut ; but  if  the 
water  contains  air,  the  alkali  is  not  neceflary,  as 
the  bafe  of  the  vitriol  is  quickly  dephlogifticated  ; 
and  hence,  as  has  been  before  obferved,  the  fame 
quantity  of  acid  is  not  fufficient  to  diflolve  it,  and 
confequently  fome  ochre  is  depofited.  If  there 
be  prefent  at  the  fame  time  a confiderable  quan- 
tity of  aerial  acid,  the  ochre  is  rendered  white.— -* 
The  quantity  of  ochre  ferves  in  fome  meafure  to 
determine  the  quantity  of  air  prefent. 

It  is  alfo  neceflary  to  obferve,  that  not  only  al- 
kalis, but  alfo  lime  and  magnefia,  united  with 
aerial,  marine,  or  nitrous  air,  decompofe  mar- 
tial vitriol,  although  a precipitate  does  not  appear 
in  every  cafe  ; for  marine  acid  holds  iron  fufpend- 
ed,  although  it  be  very  much  dephlogifticated. 

(t)  IVhite  arfenic  is  only  uleful  when  water 
is  more  or  lefs  impregnated  with  hepatic  vapour, 
but  does  not  contain  a genuine  hepar  (x).  If  to 
fuch  water  a fmall  piece  of  white  arfenic  be  add- 
ed, the  arfenic  grows  yellow  by  attracting  the 
fulphur,  and  is  thus  converted  into  orpiment. 

(u)  Soap  is  not  foluble  in  every  kind  of  water; 
this  is  occafioned  either  by  a difengaged  acid,  or 
by  a large  proportion  of  middle  fait,  with  an 
earthy  or  metallic  bafe  ; in  either  cafe  a decom- 
pofition  takes  place,  the  acid  unites  with  the  al- 
kali, and  the  oil  is  difengaged : fuch  waters  as 
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thefe  are  generally  called  hard  waters,  and  are 
unfit  for  walking  clothes,  as  alfo  for  boiling  pulfe, 
and  the  harder  kinds  of  flelh. 

Diftilled  water  fcarcely  takes  up  0,1  its  own 
weight  of  foap,  and  that  imperfe&ly,  for  it  con- 
tracts an  opal  colour;  and  after  fo me  time  the 
foap,  which  had  been  fufpended,  falls  to  the  bot- 
tom in  the  form  of  a mucilage.  Spirit  of  wine 
aCts  upon  foap  more  powerfully,  for  it  takes  up 
more  than  4 its  own  weight,  after  which  it  admits 
without  growing  turbid,  the  addition  of  diftilled 
water,  but  not  of  hard.  If  there  be  prefent  in  a 
kanne  of  water  but  8 grains  of  alum,  falited  mag- 
nefta,  or  falited  lime,  a ftngle  drop  of  this  water 
occafions  a turbidnefs  in  folution  of  foap  in  alco- 
hol, diluted  with  an  equal  bulk  of  diftilled  water. 

(x)  Some  perfons  add  to  the  above  mentioned 
precipitants  hepar  fulphuris , becaufe  it  is  decom- 
pofed  by  the  weakeft  acid,  and  even  by  the  pu- 
reft  aerial  acid ; however,  in  t£e  examination  of 
waters,  we  may  readily  difpenfe  with  it,  as  well 
as  with  falited  lime,  alum,  corrofive  fublimate,  ni- 
trated mercury,  (at  lead  that  prepared  by  heat) 
and  acetated  lead ; — the  fame  is  true  of  milk.  If 
to  hepar  fulphuris  a fmall  quantity  of  vitriolic  acid 
be  added,  an  elaftic  vapour  is  immediately  gene- 
rated, with  which  water  may  be  impregnated  in 
the  fame  way  as  with  aerial  acid,  and  it  will  then 
poffefs  the  hepatic  odour  (vm.  e). 

(0  Alcohol  added  in  fufficient  quantity  preci- 
pitates 
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pitates  all  the  falts  found  in  waters  which  are  info- 
luble  in  fpirit  of  wine.  Such  are  all  thofe  con- 
taining vitriolic  acid,  but  thofe  confifting  of  ma- 
rine or  nitrous  acid  are  generally  foluble,  but  re- 
quire different  quantities  of  fpirit  for  "their  folu- 
tion  ( q ).  Here  it  may  be  ufeful  to  remark,  that, 
according  to  experiments  which  I have  made 
for  the  purpofe,  alcohol,  in  an  heat  of  1 5 degrees, 
can  take  up,  of  dry  nitrated  magnefia,  ~ its  own 
weight ; of  dry  falited  magnefia,  4-  > of  dry  ni-  ^ 
trated  lime,  4-;  and  of  dry  falited  lime,  4- 

Befides  the  precipitants  already  mentioned,  ma- 
ny others  have  been  employed,  which,  I imagine, 
we  may  pafs  over  untouched,  as  they  difcover  no 
more  than  thofe  already  propofed,  nor  are  they 
more  accurate.  Nor  indeed  is  it  necefiary  to  em- 
ploy the  whole  of  the  fubftances  already  exami- 
ned : — it  is  true,  that  when  time  and  circumftan- 
ces  permit,  even  fuperfluous  trials  are  not  impro- 
per, as  they  tend  to  confirm  one  another;  yet, 
for  the  mod  part,  a few,  when  well  chofen,  are 
fufficient  for  the  purpofe.— -For  the  difcovery  of 
acids,  when  difengaged,  we  have  occafion  only 
for  the  tintture  and  paper  of  tumble ; — when 
they  are  united  with  other  fubftances,  they  are 
eafily  difcovered  by  nitrated  filver  and  falited  ter- 
ra ponderofa ; — uncombined  alkalis  are  detected 
by  the  papers  tinged  with  Brazil-wood  and  tur- 

(?)  Vid.  M.  Macqucr  Exp.  id  Comm.  Taurenfibus. 

meric. 
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nitric,  and  when  combined  with  acids  they  are 
difcovered  by  fpirit  of  wine. — Aerated  calcareous 
earths  are  precipitated  by  the  acid  of  fugar ; and, 
when  thus  completely  feparated,  that  fpecies  which 
can  afterwards  be  thrown  down  by  aerated  alkali 
is  either  magnefia  or  clay  ; the  former  of  which  dif- 
folves  in  diltilled  vinegar,  with  effervefcenee,  while 
the  latter  is  taken  up  (lowly,  and  without  any  effer- 
vefcence. — Metals  are  plainly  difcovered  by  phlogi- 
fticated  alkali,  but  thefe,  iron  only  excepted,  are 
rarely  found  in  waters  ; fo  that,  for  the  mod:  part$ 
tin&ure  of  galls  is  fufficient. — If  terra  ponderofa  be 
at  any  time  prefent,  it  is  difcovered  by  vitriolic 
acid. — Saline  or  earthy  hepar  is  very  rarely  found 
in  the  natural  cold  waters,  but  may  be  eafdy  de- 
compofed  by  any  acid  whatever ; and  when  the 
fulphur,  which  occafions  a turbidnefs,  is  fepara- 
ted,  the  tranfparency  returns.  In  general,  water 
contains  only  an  hepatic  vapour,  which,  though 
it  refembles  hepar  in  fmell,  is  not  decompofed  by 
the  addition  of  any  acid,  excepting  only  thofe 
which,  even  though  diluted,  powerfully  attraft 
phlogifton  ; — of  this  kind  is  the  nitrous  acid.  Be- 
tides,  at  Aix  pure  air,  out  of  the  water,  feparates 
the  fulphur  from  the  hepatic  vapour,  which,  in 
this  inftance,  is  not  confined  by  union  with  an  al- 
kali (viii.  e). 

Finally,  precipitants  may  be  employed,  not  on- 
ly with  the  waters  newly  taken  from  the  fpring, 
hut  after  they  have  been  reduced  by  evaporation 

VOL.  I.  K 
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to  a final]  bulk  — If  it  be  only  neceffary  to  deter- 
mine the  quality  of  heterogeneous  matters,  one 
or  two  cubic  inches  of  the  water,  and  a few  drops 
of  the  proper  precipitants,  will  fuffice ; but  if  we 
defire  all'o  to  know  the  weight  of  the  different 
fubftances,  large  quantities  of  water  muft  be  fub- 
je&ed  to  experiment,  and  thefe  fhould  be  con- 
duced in  tranfparent  glafs  veffels. 

§ viii.  Method  of  collecting  the  heterogeneous 
volatile  Matters. 

% • l 

i 

The  elaftic  vapours,  refembling  air,  which  arc 
more  or  lefs  abundant  in  waters,  have  occafioned 
confiderable  difficulty  in  the  examination  of  them; 
and  the  method  of  exa&ly  collefting  thefe  volatile 
fubftances  was  unknown  until  the  prefent  age  : 
befides,  the  methods  at  firit  employed  (fuch  as 
agitation  in  a glafs  veffel,  with  an  empty  bladder 
tied  to  its  neck ; or  boiling  the  water,  and  con- 
ducting the  vapour  into  a veffel  filled  with  water, 
and  inverted)  were  lame  and  itnperfeft  ; — for,  in 
the  former  method,  the  whole  of  the  volatile  in- 
gredient can  fcarcely  be  elicited — and  in  the  lat- 
ter, no  fmall  part  of  that  which  is  extricated  is 
again  concealed,  being  abforbed  by  the  water 
through  which  it  paffes. 

But  by  the  following  method,  that  vapour, 
commonly  known  by  me  name  of  mineral  fpirit, 

may; 
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mav,  with  the  greatefl  accuracy,  be  feparated  and 
colle&ed. 

(a)  In  proportion  as  the  water  is  more  fully 
impregnated  with  aeriform  matter,  the  lefs  is  the 
quantity  neceffary  to  be  fubje&ed  to  examination ; 
— of  fuch  as  abound  with  it,  half  a quadrans  is 
fufficient,  and  eight  times  that  quantity  of  the  very 
pooreft  will  be  enough. — For  this  purpofe  a glafs 
retort  is  employed,  with  a long  narrow  neck,  the 
end  of  which  is  bended  upwards,  (a  b c,  tab.  ii* 
fig.  2.).  The  retort  mult  be  chofen  of  fuch  a fize 
that  the  water  may  not  boil  out  through  the  neck, 
nor  yet  too  great  a fpace  be  left  above  the  water, 
left  too  large  a quantity  of  common  air  be  inclu- 
ded. 

The  quantity  of  water  whofe  volatile  vapour  is 
to  be  determined,  being  put  in.  let  the  retort  be 
fo  placed  that  it  may  be  expofed  to  heat ; but 
before  the  fire  is  lighted  let  the  glafs  veffel  d e, 
filled  with  mercury,  be  inverted  over  the  extremity 
of  the  tube  a b c,  (which  is  turned  upwards,  and 
fuflained  in  the  veffel  f g,  full  of  mercury)  in  fuch 
a manner  that  the  mouth  of  the  veffel  d e may  be 
fomewhat  beneath  the  furface  of  the  fluid  metal  in 
the  veffel  f g.  This  operation  requires  a dexterous 
and  experienced  hand,  to  prevent  the  mercury  from 
falling  out  during  the  inverfion  of  the  veffel ; or, 
which  comes  to  the  fame,  to  prevent  the  admif- 
fion  of  air  into  the  veffel  d k : the  fize  of  that 
veffel  fhould  be  fuch  that  it  may  be  able  to  con- 

K 2 tain 
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tain  all  the  elaflic  fluid  extricated,  together  with 
the  portion  of  common  air  contained  in  the  retort 
above  the  furface  of  the  water ; — its  capacity 
ought  therefore  to  be  fomewhat  greater  than  the 
fum  of  the  bulks  of  the  air  contained  in  the  re- 
tort, and  of  the  water  under  examination,  if  the 
water  be  faturated  with  elaflic  vapour  ; but  if  it  be 
common  water,  a much  lefs  fize  will  fufflee. 

The  whole  apparatus  being  properly  prepared, 
fire  muft  be  applied,  and  continued  to  full  ebulli- 
tion. The  heat  penetrating  the  water*  occafions 
a quantity  of  bubbles,  which,  increafing  as  the 
heat  increafes,  pafs  through  the  mercury,  and  are 
colle&ed  in  the  upper  part  of  the  veflel  d e.  A 
few  minutes  boiling  will  not  indeed  be  fuflicient  to 
expel  all  the  elaflic  fluid,  but  the  portion  remain- 
ing will  be  very  fmall,  and  of  little  moment. 

After  this  procefs,  let  the  height  at  which  the 
mercury  ftands  in  the  inverted  veflel  be  noted, 
and  thus  we  may  afeertain  the  fpace  apparently 
empty,  in  cubic  meafure.  II  the  veflel  d e be 
cylindrical,  and  divided  into  known  parts  of  di- 
menfion,  the  bulk  of  the  elaflic  fluid  appears  barely 
from  infpe&ion ; from  hence,  fubdudling  the  bulk 
of  the  common  air  contained  in  the  retort,  the  bulk 
of  the  elaflic  vapour  extricated  from  the  water  is 
determined. — If  this  apparatus  be  not  at  hand,  a 
Florence  flafk,  or  fome  other  veflel  of  proper  fize, 
may  be  ufed,  and  a bladder,  well  comprefled, 

tied  to  its  neck,  to  receive  the  vapour  extricated 

by 
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by  boiling  : but  the  conclufion  in  this  cafe  will  be 
lefs  accurate. 

Before  the  retort  cools,  the  bended  part  of  the 
neck  mud  be  taken  out  of  the  mercury,  otherwife 
that  metal  will  gradually  fill  the  retort ; for  the 
apparent  vacuum  over  the  furface  of  the  water  is 
only  occupied  by  a watery  vapour,  which  is  re- 
duced to  the  form  of  water  by  cold  fr). 

(s)  The 

(r)  The  author  here  fuppofes,  that  the  quantity  of 
mercury  difplaced  a c,  in  the  cylin- 
drical receiver  here  fketched,  indicates 
the  quantity  of  elaftic  fluid  difengaged 
by  boiling  ; but  this  eftimation  is  not 
exadt,  becaufe  the  air  contained  in 
the  fpacc  A c is  in  a greater  ftate  of 
dilatation  than  the  atmofpherical  air ; 
for  inftead  of  being  charged  with  the 
whole  weight  of  the  atmofphere,  it  is 
only  charged  with  that  weight,  di- 
miniftied  by  the  weight  of  the  column 
of  mercury  c b ; fo  that  if  the  pre- 
fent  ftate  of  the  barometer  in  the  o- 
pen  air  is  exprefled  by  h,  the  height  of 
the  column  c b by  h,  the  denfity  of  the  air  In  a c will  be 
to  that  of  the  open  air,  in  the  proportion  of  h — h to  h. 
If  then  the  column  c b is  of  feven  inches,  while  the  baro- 
meter ftands  at  28,  four  meafures  of  the  air  contained  in 
A c would  be  only  equivalent  to  three,  at  the  degree  of 
condenfation  of  the  open  air.  Further,  the  error  may  be 
total,  i.  e.  by  following  this  method  one  might  be  led  to 
believe  that  there  was  air  in  water  which  contained  none  at 
all,  becaufe  the  air  remaining  in  the  neck  of  the  retort,  dri- 

K 3 ' ven 
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(b)  The  elaflic  fluid,  thus  collefted,  generally 
confifls  partly  of  pure  air  and  partly  of  aerial  acid. 
To  demonftrate  this,  and  (if  both  be  prefent)  to 
determine  the  quantity  of  each,  one  of  them  muft 
be  leparated  ; which  is  performed  in  this  manner  : 
Let  the  aeriform  fluid  be  agitated  with  lime-water, 
which  may  be  introduced  into  the  inverted  veflel, 
by  clofing  it  carefully,  and  transferring  it  from  the 
mercury  into  a veflel  filled  with  lime-water,  and 
then  opening  it ; by  thefe  means  the  aerial  acid  is 
ab for  bed,  and  the  pure  air,  if  any  there  be,  re- 
mains alone — the  bulk  of  which  fubdudted  from 

• i 1 

ven  by  the  ebullition  into  a c,  will  be  the  more  expanded 
the  more  the  preffure  of  the  air  is  dimimfhed,  or  the  higher 
the  column  b c happens  to  be.  Attention  fhould  there- 
fore be  paid  to  this  dilatation,  and  it  may  eafily  be  afeer- 
tained;  for  if  the  volume  of  air  remaining  in  the  retort  is 
called  v,  the  volume  of  mercury  difplaced  in  the  receiver 
r,  the  height  of  the  mercury  in  the  barometer  at  the  time 
of  the  operation  h,  and  the  height  of  the  column  of  mer- 
cury c B,  h,  the  quantity  or  bulk  of  the  air  really  difenga- 
ged  from  the  water  by  boiling,  and  reduced  to  the  deniity 

of  the  atmofpherical  air,  will  be  r—  e — LL  If,  for  in- 

u 

ftance,  three  meafiires  of  air  had  been  left  in  the  retort, 
and  that  air  had  difplaced  four  in  the  receiver,  and  the  co- 
lumn of  mercury  c b had  been  7 inches,  and  the  baro. 
meter  at  28,  the  quantity  of  air  produced  would  be 

4 — 3 — = Note,  communicated  by  M.  de  Sauf- 

fure  to  M.  de  Morveau, 
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the  whole  (hews  the  quantity  of  aerial  acid  (s). 

(c)  The  aerial  acid  conftitutes  the  genuine 
fpiritus  miner alis  of  the  ancients,  as  is  mod  evi- 
dently demonftrated  by  the  analyfis  above  propo- 
fed  ; for  all  the  mineral  waters  celebrated  for  virtue 
give  out  a confiderable  quantity  of  an  elaftic  fluid, 
(even  fometimes  a portion  equal  in  bulk  to  the  wa- 
ter itfelf),  poffefling  all  the  properties  of  that  fub- 
tile  acid.  And  what  puts  the  matter  beyond  doubt 
is,  that  if  the  elaftic  fluid  of  fuch  waters  be  either 

(/)  Mr  Gioanetti  is  of  opinion,  that  the  quantity  of 
aerial  acid  may  be  better  determined  by  weight  than  bulk  : 
his  method  certainly  does  not  require  either  an  apparatus 
on  purpofe,  or  fo  much  nicety:  he  puts  into  a large  bottle 
two  pounds  of  aerated  water,  and  pours  in  a fuberabun- 
dant  quantity  of  lime-water,  he  then  corks  it ; as  foon  as 
all  the  precipitate  has  ' fallen  to  the  bottom,  he  feparates 
the  liquor  by  means  of  a fyphcn,  and,  having  edulcorated 
and  dried  the  precipitate,  eftimates  the  weight  of  the  aerial 
acid  by  the  weight  of  the  calcareous  earth.  In  order  to 
diftinguilh  the  uncombined  aerial  acid  from  that  which 
might  be  united  with  fome  bafis,  he  repeats  the  fame  ope- 
ration upon  water  deprived  of’ its  air  by  boiling.  Mr 
Gioanetti  afTumes,  for  the  foundation  of  his  calculation, 
‘the  experiments  of  Mr  Jacquin  ; according  to  which,  32 
parts  of  calcareous  earth  contain  1 3 of  fixed  air,  2 of  wa- 
ter, and  1 7 of  earth  ; but  this  eftimation  differs  from  that 
of  Profeffor  Bergman  by  ; whence  it  appears,  that  it 
is  not  lefs  difficult  to  determine  with  precifion  the  quantity 
of  fixed  air  contained  in  calcareous  earth  than  the  propor- 
tion which  the  bulk  of  this  fluid  bears  to  its  weight,  bee 
Analyfe  des  Eauxdc  St  Vincent,  p.  14.  Mor  veau. 

K 4 gradually 
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gradually  diflipated  in  an  open  veffel,  or  fuddenly 
expelled  by  heat, the  water  lofes  its  grateful  pungent 
acidity,  which  it  recovers  altogether,  when  the  lofs 
of  that  elaftic  fluid  is  fupplied  : analyfis  and  fyn- 
thefis  then  agree  fo  perfectly  on  this  occafion, 
that  whoever  confiders  the  operations  with  due  at- 
tention mull:  be  clearly  fatisfied  of  the  truth  of  the 
pofition — in  another  place,  I have  at  large  ex- 
plained the  method  by  which  the  natural  aerated 
waters  may  be  imitated. 

It  may  happen,  indeed,  that  the  phlogifticated 
vitriolic  acid  (commonly  called  volatile  acid  of  ful- 
phur)  fhall  be  mixed  with  the  aerial  acid ; but 
mod  undoubtedly  this  is  a very  rare  occurrence : 
at  lead,  I do  not  hefita(e  to  aflert,  that  the  Pyr- 
mont,  the  Spa,  the  Seltzer,  and  other  waters,  whofe 
penetrating  and  volatile  efficacy  has  been  attribu- 
ted to  a difengaged  phlogifticated  vitriolic  acid,  do 
not  contain  the  fmalleft  particle  of  it,  Thefe  wa- 
ters, upon  analyfis,  are  found  to  contain  lime  and 
magnefia  aerated  ; and  the  laft  (the  Seltzer)  alfo 
contains  an  aerated  mineral  alkali,  which  is  utterly 
incompatible  with  the  exiftence  of  a difengaged 
vitriolic  acid ; for  this  acid,  to  whatever  degree  it 
may  be  phlogifticated,  attra&s  lime,  magnefia, 
and  alkali,  with  a force  fuperior  to  that  of  the  ae- 
rial acid  : if  prefent,  therefore,  it  muft  expel  the 
weaker  acid,  and  take  its  place — that  is,  it  muft 
lofe  its  difengaged  ftate.  The  prefence  of  phlo- 
gi^icated  vitriolic  acid  cannot  therefore  be  aflert- 

eel, 
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ed,  without  a palpable  contradi&ion,  fo  long  as 
any  aerated  alkaline  fubftances  are  found  in  the 
fame  water.  It  is  alledged,  indeed,  that  this  de- 
compofition  cannot  take  place  in  the  bofom  of  the 
earth,  and  no  doubt  ( t ) that  is  fometimes  the  cafe; 
but  it  certainly  cannot  hold  with  refpeft  to  Pyr- 
mont,  of  which,  however,  it  is  particularly  avert- 
ed ; for,  at  its  very  firft  appearance,  upon  the  ad- 
dition of  fpirit  of  wine,  it  feparates  its  magnefia 
and  lime  completely  vitriolated.  No  perfon  who  has 
feen  or  examined  the  phlogifticated  vitriolic  acid, 
can  poflibly  confound  it  with  the  aerial  acid  ; for 
the  fmell  of  the  former  is  pungent  and  highly  pene- 
trating, that  of  the  latter  fcarce  fenfible  : the  tafte 
of  the  former,  acrid  and  naufeous  ; that  of  the 
latter,  very  mild  and  agreeable  : the  former  may 
be  reduced  to  a liquid  form  ; the  latter  is  always 
in  a date  of  vapour  : the  former,  being  ftronger, 
expels  the  latter  from  every  kind  of  bafe,  and 
forms,  with  each  of  them,  compound  falts  of  a 
fpecies  very  different  from  thofe  formed  by  the 
fame  with  aerial  (y)  acid ; — in  fhort,  they  fcarce- 
ly  pofifefs  any  property  in  common,  excepting  on- 
ly the  general  properties  of  acids.  If  the  opinion 
of  fuch  as  confound  thofe  two  acids  were  well 
founded,  the  former  would  not  change  the  co- 
lour of  fyrup  of  violets,  which  the  latter  is  never 

(0  Aerial  Acid,  fee  p. 

(0)  Treatife  on  ele&ive  Attra&ions. 

fauncj 
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found  to  do  ; but  I have  always  obferved  that  phlo- 
giflicated  vitriolic  acid,  unlefs  when  mixed  with 
iron,  changes  fyrup  of  violets  to  a red. 

(n)  Waters  abounding  with  fixed  air,  as  I be- 
fore obferved,  poffefs  a pungent  but  agreeable  a- 
cc  fcent  flavour  ; and  from  hence,  doubtlefs,  it  is 
that  from  the  mod  remote  times  they  have  been 
called  aciduU.  The  propriety  of  this  denomina- 
tion is  called  in  queftion  by  many  perfons  at  this 
day,  becaufe  thefe  waters  effervefce  with  acids, 
and  not  with  alkalis ; and  alfo  change  the  colour 
of  fyrup  of  violets  to  a green  ; which  are  confi- 
dered  as  certain  figns  of  an  uncombined  alkali. 
But  here  we  muff  obferve,  iff,  That,  flricfly 
fpeaking,  effervefcence  with  acids  never  indicates 
a pure  alkali,  but  an  alkali  united  with  the  aerial 
acid,  which,  upon  the  addition  of  a more  power- 
ful acid,  is  feparated,  and,  recovering  its  elaftici- 
ty,  muft  float  in  the  form  of  bubbles  on  the  fur- 
face  of  the  more  ponderous  fluid  ; whereas  an  al- 
kali perfe&ly  cauflic  does  not  excite  the  fmalleft 
effervefcence  with  acids  : 2d,  A fimilar  effervef- 

cence alfo  takes  place,  when  lime  or  magnefia  ae- 
rated meet  with  an  acid ; and  this  is  the  cafe  with 
Pyrmont  water,  which  does  not  contain  any  aera- 
ted alkaline  fait. — Spa  water,  indeed,  contains  a 
fmall  portion,  and  Seltzer  flill  more  : 3d,  Alka- 
line fubftances,  whether  faline  or  earthy,  though 
faturated  with  aerial  acid,  yet  a6t  as  precipitants, 
in  virtue  of  their  alkaline  nature,  and  exert  a cer- 
r tain 
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tain  force  upon  various  bodies,  which  force  is  not 
altered  by  the  aerial  acid,  on  account  of  its  ex- 
treme weaknefs ; this  force  is,  however,  fome- 
what  diminifhed,  though  it  can  be  entirely  fup- 
prefled  by  the  quantity  of  acid  neceflfary  to  the  fa- 
turation  of  the  alkaline  fait  and  the  water  which 
diffolves  it : 4th,  The  aerial  acid  cannot  effervefcef 
with  alkalis',  becaufe  it  is  the  expiilfion  of  this  acid' 
by 'a  ftroriger  one,  that  occafions  the  motion  and 
the  fpumefcence,  appearances  which  are  not  oc- 
casioned by  the  meeting  of  an  alkali  with  the  aerial 
acid.  Thus  the  moll  completely  aerated  Pyrmont 
or  Seltzer  water*  upon  the  addition  of  a fmall  quan- 
tity of  alkaline  fait,  particularly  if  cauftic,  imme- 
diately grows  flat,  and  acquires  a vapid  tafte,  and 
that  without  any  vifible  motion  : 5th,  The  green 
colour  induced  upon  fyrup  of  violets  is  evidently  a 
fallacious  tefl:  (vm.  c);  for  diflilled  water,  in  which 
a fmall  quantity  of  martial  vitriol  is  diflblved,  pof- 
(eflfes  the  property  of  immediately  rendering  that 
fyrup  green.  . .. 

Since,  then,  in  the  acidulous  waters,  not  only, 
the  alkali  is  faturated  with  aerial  acid,  but  the  wa- 
ter alfo  contains  it  fo  copioufly  as  to  render  tinc- 
ture of  turiifole  red,  fuch  waters  cannot  properly 
be  confldered  as  alkaline.  1 his  acid,  though  fu- 
perabundant,  is  fo  weak,  that  it  is  not  able  totally 
to  reprefs  the  alkaline  properties  ; it  is  alfo  vola- 
tile, but  neither  its  weaknefs  nor  its  fugacity  can 
fubvert  its  effential  properties. 


(e)  From 
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(e)  From  the  fulphurated  hot  waters  an  hepa- 
tic vapour  is  collected,  the  prefence  of  which  is 
readily  difcovered  by  its  peculiar  fastor  : this  is 
fometimes  prefent,  together  with  aerial  acid  difen- 
gaged,  and  it  is  decompofed,  when  it  has  quitted 
the  water,  by  pure  air  ; which  cannot  appear  fur- 
prifing,  as  concentrated  nitrous  acid  is  capable  of 
effecting  that  decompofition,  even  in  the  water. 
The  explanation  of  both  is  the  fame  : Thus  the 
hepatic  aura  is  tenacious  of  its  form  of  vapour — 
hence  a very  large  and  dry  furface  of  conta&  is 
prefented  to  the  atmofphere,  in  confequence  of 
which  the  pure  air  feizes  the  phlogifton,  which  in 
a hepatic  vapour  connects  the  fulphur  with  the 
matter  of  heat,  and  thus,  the  bond  of  union  be- 
ing removed,  the  fulphur  appears  in  its  proper 
form.  This  is  the  origin  of  the  fulphur  which  is 
fublimed  at  Aix-la-Chapelle ; hence,  too,  we  un- 
derhand how  hepatic  vapour  is  quickly  decompo- 
fed, and  depofits  its  fulphur,  upon  the  addition  of 
any  fubftance  which  is  capable  of  feparating  the 
phlogifton. — -I  before  mentioned  the  conflituent 
parts  of  hepatic  vapour ; but  as  this  is  particu- 
larly examined  in  the  Treatife  on  Subterranean 
Fire,  I omit  the  analytical  dcmopflration  of  it 
here. 

(f)  The  volatile  falts,  which,  if  I may  be  allow- 
ed the  expreffion,  are  more  corporeal  when  they 
happen  to  be  prefent,  are  found  to  be  driven  over 

into  the  recipient, . or  fometimes,  though  very 

rarely, 
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rarely,  adhering  to  the  neck  of  the  retort,  as  the 
watery  vapours  diffolve  and  carry  them  over ; this 
applies  particularly  to  volatile  alkali  and  the  am- 
moniacal  falts.  which  may  be  eafily  feparated  by 
the  precipitants  deferibed  (§  vii.).  Sometimes, 
however,  the  water,  palling  over  alfo,  contains  a 
portion  of  acid,  which,  upon  examination,  is 
found  to  be  of  different  forts : thus,  when  nitrated 
lime  or  magnefia  is  prefent,  the  nitrous  acid  comes 
over,  becaufe  the  conftituent  principles  of  thofe 
falts  cohere  fo  loofely,  that  they  are  feparated  by 
boiling,  if  continued  for  any  length  of  time  : but 
the  muriatic  acid  cannot,  by  this  degree  of  heat, 
be  feparated  from  any  fait,  except  falited  magnefia; 
the  phlogi  (Heated  vitriolic  acid  may  alfo  be  obtain- 
ed in  this  manner,  if  it  be  uncombined — the  quan- 
tities of  the  falts  thus  decompofed  may  be  difeover- 
ed  by  faturating  the  acids  refpe&ively  with  bafes  of 
the  fame  fort  with  thofe  from  which  they  have 
been  expelled.  The  weight  of  the  new  com- 
pound indicates  the  quantity  of  fait  decompofed 
by  the  lire. 


§ ix.  Method  of  collecting  the  fixed  heteroge- 
neous Matter. 

During  the  evaporation  of  the  water,  the  fixed 
heterogeneous  matters  are  continually  reduced  to 
narrower  compafs,  and  at  length  the  water  be- 
comes inefficient  to  retain  them  all : hence  they 
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are  feparated  by  degree.?,  the  lead  foluble  firft:, 
and  then  fuch  as  require  lefs  water  for  their  folu- 
tion.  — I (hall  now  proceed  to  defcribe  the  me- 
thod of  conducting  this  operation  more  particu- 
larly. 

(a)  The  veflels  employed  ought  to  be  broad, 
becaufe  fluids  evaporate  more  or  lefs  quickly,  in 
proportion  to  their  furfaces.  We  may  fafely  em- 
ploy for  this  purpofe  earthen  veflels,  provided  they 
are  fo  compatt  as  not  to  abforb  any  faline  matter, 
with  a denfe  and  fmooth  furface,  which  will  not 
be  liable  to  defquamation ; fo  that  fuch  matters  as 
adhere  to  it  during  evaporation  may  be  eafily  fe- 
parated, and  fcraped  off  pure.  Iron  and  copper 
are  corroded,  and  therefore  are  in  general  altoge- 
ther unfit  for  this  purpofe  : neither  is  tin  conve- 
nient : filver,  befides  being  expenfive,  is  fotne* 
times  unfafe,  efpecially  if  there  be  any  uncombi- 
ned nitrous  acid  in  the  water  : veflels  made  of 
flone  ware  are  excellent  in  many  rtfpe&s,  but  are 
liable  to  two  objections  : For,  firft,  I'heir  furface 
is  fomewhat  rough,  hence  a part  of  the  refiduum 
may  eafily  be  concealed  in  the  holes  and  inequali- 
ties ; and,  fecondly,  they  are  foft,  fo  that  luch 
particles  as  adhere  very  clofely  cannot  be  fcraped 
off,  without  danger  of  fcraping  off  alfo  a part  of 
the  veflel : glafs  veflels  would  be  the  molt  conve- 
nient, if  the  operations  could  always  be  conduc- 
ed in  them  without  breaking  ; — finall  and  iulii- 

ciently  thin  glafs  veflels  may,  without  danger,  be 

expofed 
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expofed  to  an  intenfe  open  fire,  if  properly  regu- 
lated ; but  fuch  as  are  neceflary  for  containing 
large  quantities  require  for  that  purpofe  a fuffi- 
cient  degree  of  thicknefs ; and  hence,  being  unfit 
to  endure  fudden  changes  of  heat  and  cold,  are 
eafily  broken.  The  fize  of  the  veflels  depends  up- 
on the  quantity  of  water  neceflary  for  the  feveral 
experiments. 

(b)  I he  quantity  of  water  neceflary  to  be  fub- 
je&ed  at  one  time  to  experiment  is  generally  de- 
termined by  the  quantity  of  heterogeneous  con- 
tents ; if  thefe  are  abundant,  one  kanne  is  fuffi- 
cient ; but  when  the  quantity  is  final!,  fix,  eight, 
or  more  are  requifite.  If  our  veflels  are  not  of 
fize  fufficient  to  contain  the  whole  quantity  at  once, 
we  mull  add  the  water  from  time  to  time,  accor- 
ding as  room  is  made  by  the  evaporation  ; but  this 
mull  be  done  with  great  circumfpe&ion,  left  the 
warm  veflel  fhould  be  broken  by  the  coldnefs  of 
the  water. 

(c)  A gentle  evaporation  is  moft  proper;  for 
by  violent  ebullition  a portion  of  the  ingredients  is 
diflipated,  nay  fometimes  decompofed.  A cover 
is  neceflary,  to  keep  out  the  charcoal,  duft,  and 
embers ; this  cover  muft  give  exit  to  the  vapours 
by  an  hole  feveral  inches  in  diameter  ; but  the 
hole  fhould  be  kept  fhut  until  the  ifluing  vapour  is 
fo  far  condenfed  as  to  prevent  the  duft  from  falling 
in. 

(d)  In  this  procefs  different  phenomena  appear, 

according 
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according  to  the  different  contents  of  the  water. 
If  there  be  prefent  lime  and  iron  aerated,  in  an 
intenfe  degree  of  heat,  fuch  as  8o°  or  go0,  they 
are  deprived  of  the  quantity  of  aerial  acid  necef- 
fary  to  render  them  foluble  ; they  collect,  there- 
fore, on  the  furface,  where  the  volatile  menftruum 
firft  becomes  deficient,  and  form  a pellicle,  which 
being  broken  by  the  agitation  of  the  water,  falls 
to  the  bottom  when  the  motion  ceafes.  This  hap- 
pens becaufe  lime  and  iron,  when  barely  faturated 
with  aerial  acid,  refufe  to  unite  with  water,  but 
may  be  taken  up  when  this  fubtile  menftruum  is 
fuperabundant  in  the  water.  This  fuperabundance 
adheres  to  them  but  (lightly,  and  therefore  flies  off 
during  evaporation ; — which  alfo  happens  fponta- 
neoufly,  upon  keeping  the  water  for  fome  days  in 
an  open  veflel. 

The  above-mentioned  pellicle  is  found  whole, 
when  formed  by  iron  ; and  in  this  cafe  it  is  tinged 
with  the  different  prifmatic  colours,  according  to 
the  different  points  of  view.  It  has  been  thought 
that  this  contained  a certain  bituminous  oil,  parti- 
cularly becaufe  it  detonates  with  nitre ; but  not 
the  fmalleft  particle  of  this  un&uous  matter  has  at 
yet  been  difeovered  in  it.  As  to  the  detonation, 
that  is  occafioned,  in  the  prefent  cafe,  by  the  phlo- 
gifton  remaining  in  the  martial  earth,  which  when 
frefh  contains  fo  much  of  that  principle,  that  it  is 
foluble  in  all  acids.— But  this  remainder  of  phlo- 
gifton  is  gradually  diflipated,  and  that  the  more 

quickly. 
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quickly,  and  in  proportion  as  it  has  been  expo- 
fed  to  the  more  heat  during  evaporation,  and  to 
the  more  free  accefs  of  atmofpheric  air.  The  fi- 
multaneous  variation  of  colour  indicates  nothing 
more  than  various  degrees  of  tenuity,  or  various 
Rates  of  dephlogiftication  in  the  particles. 

If  aerated  magnefia  be  prefent  in  water,  it  is 
not  feparated  all  at  once,  but  continues  to  fall  by 
degrees  during  the  whole  procefs,  from  the  begin- 
ning of  the  evaporation  even  to  drynefs. 

Aerated  lime  and  filiceous  particles  fall  rather 
before  a boiling  heat. 

Of  all  the  falts,  gypfum  falls  firft,  but  not  until 
long  after  aerated  lime  and  aerated  iron. 

If  faturated  folutions  of  different  falts  be  mix- 
ed, they  all  appear,  during  the  evaporation,  in  an 
order  conformable  to  their  degree  of  folubility  ; 
that  is,  fuch  as  are  lead  foluble  in  water  appear 
firft  : — thus,  alum  is  the  foremoft,  then  vitriola- 
ted  vegetable  alkali  (if  any  there  be)  afterwards, 
in  order,  martial  vitriol,  common  nitre,  vitriol  of 
copper,  falited  vegetable  alkali,  mineral  alkali, 
common  fait,  vitriol  of  zinc,  vitriolated  magnefia, 
and,  laftly,  the  deliquefcent  falts  : but  this  order 
is  frequently  interrupted  by  the  quantity  of  the 
diffolved  matters, 

I he  different  heterogeneous  matters  may  accor- 
dingly be  either  feparated  as  they  fuccelfively  appear, 
i or’  bf  continumg  the  evaporation  to  drynefs,  be  ob- 

I ^ined  a11  mIxed  together.  The  former  method  is 
Vol.  I.  T.  • 
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in  fome  inftances  fufficiently  commodious,  but  is 
generally  of  little  ufe,  efpecially  when  aerated 
magnefia  is  prefent,  as  this  fubftance  does  not  fe- 
parate  altogether  ; befides,  the  falts,  however  care- 
fully collected  in  this  way,  are  more  or  lefs  mixed 
with  each  other,  and  the  deliquefcent  falts  occa- 
fion  much  inconvenience,  efpecially  about  the  end 
of  the  operation.  If  every  particular  ingredient 
is  to  be  feparately  and  accurately  collected,  the 
water  mult  be  frequently  filtered,  a procefs  which 
is  attended  with  as  much  trouble  as  the  repeated 
folution  and  evaporation  of  the  refiduum,  but  is 
much  more  uncertain,  on  account  of  the  particles 
which  are  loft  upon  the  filter — hence  the  latter 
method  appears  to  be  more  eligible.  If  circum- 
ftances  permit  us  to  repeat  our  analyfis,  the  for- 
mer method  may  be  tried,  for  the  fake  of  compa- 
rifon. 

( i ) The  evaporation  being  continued  to  dry- 
nefs,  the  whole  refiduum  fhould  be  carefully  col- 
lected, and,  if  thought  neceflary,  weighed;  but 
the  weight  of  the  whole  will  be  more  accurately 
determined  from  the  fum  of  the  feveral  ingredi- 
ents ; becaufe,  on  account  of  the  inequality  of  ex- 
ficcation,  more  or  lefs  of  the  water  of  cryftalliza- 
tion  may  be  expelled. — Such  falts  as  can  be  redu- 
ced to  the  form  of  cryftals  ftiould  be  weighed  when 
in  that  form, 
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§ x.  Examination  of  the  Rejiduum  not  foluble 

in  IVater. 

(a)  The  whole  refiduum,  well  dried,  is  then 
put  into  a bottle,  and  alcohol  poured  over  it,  to 
the  height  of  an  inch ; the  veffel  is  then  fhut  clofe, 
and  fhaken  ; and,  after  Handing  for  a few  hours, 
the  liquor  is  filtered. 

(b)  To  the  refiduum  is  then  added  eight  times 
the  quantity  of  cold  diHilled  water ; the  mixture 
fhaken ; and,  after  Handing  fome  time,  it  is  fil- 
tered. 

(c)  Finally,  the  refiduum  is  boiled  for  a quar- 
ter of  an  hour  in  fomewhat  more  than  four  or  five 
hundred  times  its  weight  of  difiilled  water,  and 
afterwards  filtered. 

(d)  The  refiduum  now  is  not  foluble,  either  in 
fpirit  of  wine  or  water.  If  it  abounds  in  particles 
of  iron,  let  it  be  expofed  in  an  open  veffel  for 
fome  weeks  to  the  rays  of  the  fun,  and  moifiened 
from  time  to  time  : by  thefe  means  the  metal  is 
fo  much  dephlogifiicated,  that  it  is  not  foluble  in 
vinegar,  (an  effect  which  may  be  produced  in  a 
fhorter  time,  by  means  of  heat  ),  but  at  the  fame 
time  the  magnefia  is  calcined,  and  the  weight  fuf- 
fers  a ( n ) diminution.  The  prefence  of  iron  is 
very  eafily  difcovered  by  the  brown  colour.  The 

(a)  DilT.  on  Aerial  Acid. 

L 2,  flow 
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flow  calcination  by  the  fun's  rays  occafions  no  in- 
convenience ; for  the  refiduum  being  dry,  a tra- 
veller may  eafily  carry  it  with  him  where-ever  his 
occafions  lead  him. 

The  refiduum  generally  confifts  of  three  or 
more  ingredients  mixed  together ; thefe  may  be 
feparated  from  each  other  by  the  following  me- 
thod : — ift,  Upon  this  refiduum,  previoufly  calci- 
ned, if  necefiary,  and  weighed,  is  poured  diftilled 
vinegar,  which,  by  digeftion,  diffolves  the  aerated 
lime  and  magnefia  remaining  in  the  refiduum. 
Any  mineral  acid  may  be  employed  for  this  pur- 
pofe,  if  there  be  no  iron  prefent,  a circumftance 
which  ought  to  be  previoufly  examined  by  the  co- 
lour and  by  the  precipitants  above  defcribed  ; but 
as  there  is  fometimes  prefent  an  argillaceous  mat- 
ter, which  is  more  eafily  taken  up  by  the  mineral 
acids,  I rather  recommend  the  ufe  of  diflilled  vi- 
negar, rlhe  refiduum,  which  is  not  taken  up 
by  the  vinegar,  when  waflied  and  dried,  (hews, 
by  its  lofs  of  weight,  how  much  has  been  dif- 
folved. 

2dly,  The  acetous  folution,  evaporated  to  dry- 
nefs,  yields  acetate  d lime,  filamentous,  and  re* 
fembling  mqfs.  T his  fubftance  is  permanent  in  a 
moift  air,  if  it  only  confifts  of  lime ; but  deli- 
quefcent,  if  it  contains  magnefia.  This  point  may 
alfo  be  further  afcertained  by  diluted  vitriolic  acid, 
(which,  to  guard  againft  iuperabundance,  (hould 
be  dropped  in  fparingly  and  flowly) ; for  this  acid, 
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in  the  former  cafe,  converts  the  whole  inafs  into 
gypfum,  which  falls  to  the  bottom,  and  is  nearly 
void  of  tafte ; but  in  the  latter,  it  diffolves  the 
magnefia  perfe&ly,  forming  vitriolated  magnefia 
extremely  bitter,  and  which,  on  evaporation, 
forms  prifmatic  cryffals  J or,  if  the  bafe  be  mix- 
ed, it  forms  partly  gypfum,  partly  vitriolated  mag-  • 
nefia. 

3dly,  In  order  to  know  the  weight  of  foluble 
earth  which  had  been  fufpended  in  the  water,  let 
the  gypfum  and  vitriolated  magnefia  be  feparately 
diffolved,  precipitated  by  an  aerated  alkali,  wafh- 
ed,  dried,  and  weighed ; but  this  tedious  procefs 
may  be  avoided,  if  we  recollect  that  100,  parts  of 
gypfum  contain  about  34  of  pure  lime,  which  are 
equivalent  to  nearly  62  of  aerated  lime  ; and  that 
ico  parts  of  vitriolated  magnefia  contain  19  of 
pure  magnefia,  which  are  equal  to  42  of  aerated 
magnefia. 

4thly,  That  part  which  is  not  foluble  in  the  vi- 
negar, is  either  argillaceous,  martial,  or  filiceous. 
The  prefence  of  the  firft  always  renders  the  water 
fomewhat  turbid,  and  of  an  opal  colour  : this,  as 
well  as  the  martial  earth,  is  foluble  in  marine  acid  ; 
but  the  metallic  earth  may  be  precipitated  alone 
by  a phlogifticated  alkali ; after  which  the  argil- 
laceous part  may  be  t;hrown  down  by  an  alkali. 
Such  portion  as  refills  a fufficient  quantity  of  ma- 
rine acid,  is  filiceous  earth,  which  may  be  further 
determined  by  the  blow-pipe  j for  this  earth,  when 

k 3 added 
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added  to  the  mineral  alkali  in  fufion,  unites  with 
it,  with  a violent  effervefcence,  and  is  thereby  to- 
tally diffolved  (e). 

5thly,  Aerated  manganefe  may,  perhaps,  fomc- 
times  be  difcovered  in  waters  ; in  which  cafe  it  is 
found  in  the  refiduum,  N°  4,  and  may  be  fepara- 
ted  in  the  following  manner  : — Firft  let  the  refi- 
duum be  violently  calcined,  then  pour  upon  it  di- 
luted nitrous  acid,  with  the  addition  of  a little  fu- 
gar ; and,  after  Handing  for  about  an  hour,  let 
the  liquor  be  filtered.  Upon  dropping  an  alkali 
into  the  filtered  liquor,  a white  powder  falls,  which 
by  ignition  grows  black,  and  the  weight  of  which 
is  to  be  determined  by  the  balance.  The  rationale 
of  this  operation  will  readily  appear  (/)  hereafter  ; 
I therefore  pafs  it  over  here,  in  order  to  avoid  re- 
petition as  much  as  pofhble. 

(i?)  Mr  Gioanetti  (1.  c.  p.  22.)  is  of  opinion,  that  the 
quantity  of  iron  may  be  determined  by  precipitation  with 
galls  ; he  pours  in  the  infufion  till  there  is  a fuperabundant 
quantity;  and  he  afterwards  expofes  the  precipitate  to  heat 
in  a luted  crucible  ; — it  lofes  about  | of  its  weight,  and 
becomes  feflfible  to  the  magnet.  This  procefs  may  be  ufe- 
ful  to  verify  or  compare  refults,  but  alone  is  not  fufficient, 
as  it  affords  no  indication  of  the  ftate  of  the  iron,  nor  of 
the  menftruum.  Befides,  the  great  diminution  of  the  pre- 
cipitate after  calcination,  does  not  allow  us  to  fuppofe  that 
its  magnetic  properties  are  dellroyed  by  excefs  of  phlogi- 
flon.  Morveau. 

(/)  Of  the  white  Ores  of  Iron. 


6thly, 
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# 6thly,  If  at  any  time  aerated  terra  ponderofa  is 
contained  in  the  refidnum,  (which  certainly  may 
be  the  cafe,  although  no  perfon  has  hitheito  dis- 
covered it),  it  diffolves  in  vinegar  like  the  other 
abforbent  earths,  and  differs  from  lime  in  this  par- 
ticular, that  it  forms,  with  vitriolic  acid,  a fpa- 
thum  ponderofum,  which  is  not  foluble  in  a thou- 
fand  times  its  weight  of  water.  100  parts  of  this 
fpar  contain  about  84  of  pure  terra  ponderofa, 
which  are  nearly  equivalent  to  130  of  that  earth 
when  aerated. 


$ xi.  Examination  of  the  Refiduum  foluble  in 

IVater. 

We  {hall  now  proceed  to  examine  the  folutions 
mentioned  in  the  preceding  fe&ion. 

(a)  The  folution  obtained  by  alcohol  (x.  a) 
contains  chiefly  lime  and  magnefia  falited,  lime 
and  magnefia  nitrated,  together  with  falited  terra 
ponderofa,  if  one  or  more  of  thefe  fubftances  be 
contained  in  the  water.  In  order  to  difcover  the 
quality  and  quantity  of  the  ingredients,  evaporate 
to  drynefs,  pour  on  diluted  vitriolic  acid,  and  con- 
tinue the  procefs  as  defcribed  (x.  d,  2,  3.).  Some- 
times the  alcohol  alfo  contains  a dephlogifticated 
martial  vitriol,  which  may  be  feparated  from  the 
folution,  diluted  with  a fufficient  quantity  of  water, 
b)  a phlogiflicated  alkali.  The  folution  is  of  a red- 
difh  brown. 

L 4 


(b)  The 
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(b)  The  folution  made  by  cold  water  (x.  b.)  is 
to  be  thus  examined  : iff,  Cryftallization  is  to  be 
attempted  by  gentle  evaporation — this  cryftalliza- 
tion  fucceeds  better  when  the  deliquefcent  falts  are 
feparated  Excepting  common  fait,  (of  which 
cold  water  diffolves  nearly  as  much  as  hot,  and 
which  therefore  is  cryftallized  by  continual  eva- 
poration), all  the  falts  eafily  aftume  regular  forms, 
if  the  evaporation  be  carried  on  in  a heat  of  8o° 
or  90  , until  a drop  of  the  folution  let  fall  upon 
a cold  glafs,  in  the  fpace  of  a minute,  exhibits 
cry ftalline  grains  or  fpiculae.  Slow  refrigeration 
is  alfo  preferable  to  a quick  one  Evaporation 
conducted  with  a boiling  heat,  will  fometimes  pro- 
duce perfect  cryftals  on  the  furface ; but  thefe  ge- 
nerally confift  of  an  aggregation  of  various  forts. 
When  we  are  only  inquiring  into  the  fpecies  of  the 
fait,  and  not  its  figure,  we  muft  proceed  in  ano- 
ther way  : — 

Let  the  cryftals  which  fucceflively  appear  be 
put  upon  bibulous  paper  and  dried,  but  not  fo 
much  as  to  expel  any  of  the  water  of  cryftalliza- 
tion : the  form,  tafte,  and  other  qualities,  men- 
tioned in  d,  will  in  fome  meafure  ferve  to  deter- 
mine the  true  nature  of  each  fait : but  in  order  to 
avoid  the  fmalleft  drubt,  we  fhall  confider  them  all 
in  the  following  manner  : in  No  2.  alkaline  falts 
alone  are  comprehended  ; 3.  neutral  falts  ; 4.  ear- 
thy lalts  ; 5.  metallic  ialts  j and,  finally,  6.  a num- 
ber 
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ber  of  mixed  falts,  which  are  feparated  with  more 
difficulty. 

2.  Whether  any  given  fait  be  alkaline  or  not, 
may  be  difcovered  to  a certainty  by  various  me- 
thods ; viz.  by  its  lixivious  tade,  effervefcence 
with  acids,  and  the  various  precipitants  (vn.  b.  c). 
By  uniting  it  with  vitriolic  (g)  acid,  we  may  de- 
termine the  fpecies  of  alkali. 

Authors  fpeak  of  a certain  imperfett  mineral  al- 
kali ; but  all  of  that  fort,  which  I have  had  an 
opportunity  of  feeing,  appear  to  be  no  other  than 
a genuine  alkali,  but  impure,  particularly  vitiated 
by  deliquefcent  falts.  But  we  (hall  have  occafion, 
perhaps,  to  fay  more  of  this  hereafter. 

3.  I call  thofe  falts  neutral , which  are  compo- 
fed  of  an  acid  and  an  alkali ; and  I call  thofe 
middle  falts,  which  have  not  a faline,  but  an 
earthy,  or  metallic  bale.  Perfed  neutral  falts, 
fuch  as  are  found  in  water,  do  not  fhew  any  figns 
either  of  acid  or  alkali  in  a difengaged  date,  nor 
are  folutions  of  them  rendered  in  the  lead  turbid 
on  the  addition  of  an  alkaline  fait. 

In  the  examination  of  either  neutral  or  middle 
falts,  two  circutndances  mud  be  particularly 
attended  to;  namely,  id,  to  determine  what 
the  condituent  acid  is ; and  2d,  what  bafe  the 
acid  is  united  with. — Vitriolic  acid  is  difco- 

(if)  Diftilled  vinegar  is  preferable,  as  it  forms,  with  ve- 
getable alkali,  a deliquefcent  fait,  and  with  the  foflil  a fo- 
liated cryftallizablc  fait.  Morvcau. 


vered 
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vered  by  falited  terra  ponderofa  (vir.  f,  l)  or 
by  acetated  lead  (vir.  rV  When  the  nitrous 
acid  is  prefent,  it  is  expelled  by  the  affudon  of 
concentrated  vitriolic  acid,  and  may  be  didinguilh- 
cd  by  its  peculiar  fmell,  and  its  red  fmoke.  In 
like  manner,  marine  acid  yields  to  the  vitriolic ; 
but  has  a different  kind  of  fmell,  and  a grey 
fmoke.  When  thefe  acids  are  only  in  very  finall 
quantity,  the  fmoke  will  fcarcely  be  vifible  in  a 
dry  place ; but  in  this  cafe  the  very  flighted  vef- 
tige  of  nitrous  acid  is  made  apparent,  by  expofing 
to  the  fume  a paper  moiffened  with  volatile  alkali. 
To  difcover  the  mod  minute  quantity  of  marine 
acid  vapour,  nothing  more  is  neceffary  than  a pa- 
per moidened  with  water : the  vapour  indantly 
furrounds  this  paper,  in  the  fame  manner  as  the 
nitrous  vapour  attaches  itfelf  to  the  paper  impreg- 
nated with  volatile  alkali. 

Beddes,  nitrous  acid  is  difcoverable  by  deto- 
nation ; and  the  marine,  by  various  means,  fuch 
as  nitrated  diver  (vii.  o),  nitrated  mercury  (vir. 
p.),  and  acetated  lead  (vii.  r). 

It  is  fomewhat  more  difficult  to  difcover  the 
bafes ; the  vegetable  alkali  cannot  be  feparated  in 
the  humid  way,  unlefs  by  terra  ponderofa  ; but 
this  reparation  may  be  effe&ed  in  various  ways, 
by  means  of  a double  elettive  attra&ion  (A).  The 
mineral  alkali  is  expelled  by  the  vegetable,  but  in 


(^)  On  elective  Attractions. 


this 
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this  cafe  does  not  manifeft  itfelf  by  turbidnefs  (?) ; 
yet  it  may  be  difcovered  by  cryftallization.  Both 
the  fixed  alkalis  expel  the  volatile,  with  a peculiar 
pungent  odour. 

Vitriolated  mineral  alkali  fhould  be  carefully 
diftinguifhed  from  the  combination  of  vitriolic 
acid  with  magnefia.  Thefe  two  falts  agree  in 
forming  bitter  prifmatic  cryftals,  which  fufFer 
fpontaneous  calcination  in  a dry  air  ; but  the  cry- 
ftals  of  the  former  are  generally  larger,  much  de- 
prelfed,  with  a cooler  and  milder  tafte  ; but  they 
may  very  eafily,  and  inftantly,  be  diftinguifhed 
from  each  other,  by  the  addition  of  a fmall  piece 
of  each  to  lime-water ; for  the  lime-water  is  not 
rendered  in  the  lead  turbid  by  the  vitriolated  mi- 
neral alkali,  but  the  vitriolated  magnefia  is  in- 
ftantly decompofed ; for  in  this  laft  cafe  the  acid 
unites  with  the  lime,  and  forms  a gypfum,  which 
together  with  the  deferted  magnefia,  is  found  at 
the  bottom.  If  thefe,  mixed  together,  be  prefent 
in  water,  they  cannot  be  completely  feparated  by 
cryftallization.  1 determine  the  quantity  of  each 
in  the  following  manner  : I gradually  precipitate 
the  magnefia  by  a folution  of  mineral  alkali ; I 
unite  this  again  with  vitriolic  acid,  and  obtain,  by 
cryftallization,  a vitriolated  magnefia ; the  weight 
of  which,  lubdudcd  from  the  whole  mafs  of  fa- 
line  matter,  previoufly  cryftallized  and  weighed, 

(/')  Ibid.  § vu.  fub  initio. 

yields 
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yields  the  weight  of  the  vitriolated  mineral  alkali. 
The  fame  may  be  collected  from  the  weight  of  the 
precipitated  magnefia  alone,  if  we  know  the  pro- 
portions of  the  principles  which  conftitute  the 
two  falts.  Authors  fpeak  of  many  varieties  of 
vitriolated  mineral  alkali,  and  vitriolated  magne- 
fia, varieties  which,  however,  depend  entirely 
upon  the  difference  of  purity : thus  the  fal  Angli- 
cus,  Epfom  fait,  Leydfchutz  fait,  Seidlitz,  and 
others,  when  well  depurated,  all  yield  the  very 
fame  vitriolated  magnefia. 

The  vegetable  and  mineral  alkali,  when  united 
with  marine  acid,  form  falts  which  agree  in  their 
cubic  figure,  decrepitation  in  the  fire,  and  to  a 
certain  degree  in  their  tafte  ; yet  the  former  is 
fomewhat  more  acrid,  and  is  befides  perfeftly  dif- 
tinguifhable  by  another  property,  for  if  into  a fa* 
turated  folution  of  this  fait  be  dropped  the  acid  of 
tartar,  a pure  and  genuine  tartar  falls  to  the  bot- 
tom ; this  does  not  take  place  in  a folution  of 
common  fait,  becaufe  the  mineral  alkali  has  far 
lefs  affinity  with  acid  of  tartar  than  the  vegetable 

alkali  has. 

If  the  bafe  of  the  fait  be  earthy,  which  is 
known  by  its  precipitating  on  the  addition  of  ae- 
rated alkali,  the  fpecies  of  the  earth  may  be  thus 
determined  -.—terra  ponderofi  produces,  with  the 
vitriolic  acid,  a fpathum  ponderofum  (x.  d,6.)j 
calcareous  earth,  with  the  fame  acid,  produces  a 
gypfum  (x.  d,  2.)}  magnefia,  the  lalt  commonly 
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called  fal  catharticus  amarus  (x.  D,  2.);  and  clay 
produces  alum. 

5.  It  any  metal  be  prefent,  it  may  generally 
be  known  by  the  colour,  or  by  an  ochre.— If  the 
bate  be  cupreous  it  is  precipirated  in  a metallic 
form  upon  iron,  if  the  moiftened  fait  be  rubbed 
upon  the  metal,  or  a pohthed  piece  of  iron  laid 
in  the  folution  ; it  is  difcoverable  alfo  by  a blue 
colour,  an  aeruginous  tafte,  by  the  volatile  (vn. 
1),  or  by  the  phlogifticated  alkali  (vn.  e). 

Iron  is  detected  by  its  colour,  which  is  green- 
ifh,  or  yellowith,  according  to  the  degree  of  de- 
phlogiftication,  by  its  inky  tafte,  by  an  ochre, 
by  tin&ure  of  galls  (vii.  d),  and  by  phlogiftica- 
ted alkali,  which  precipitates  a Pruflian  blue  (vii. 
e). — In  the  Treatife  on  Alum,  I (hall  explain  at 
large  the  method  by  which  martial  vitriol  may  be 
feparated  from  vitriolated  magnefia  and  alum. 

Zinc  forms,  with  vitriolic  acid,  a white  vitriol,  of 
which  the  cryftals  have  a prifmatic  figure. — This 
metal  is  precipitated  white  by  alkalis  ; as  alfo  by 
the  phlogifticated  alkali  j but  is  not  at  all  affe&ed 
by  any  metal. 

Manganeje  alfo  yields  a white  vitriol  and  white 
precipitates  ; but  it  differs  from  zinc  in  growing 
black  by  calcination,  and  being  afterwards  info- 
luble  in  acids,  unlefs  they  are  either  themfelves 
phlogifticated,  or  rendered  fo  by  the  addition  of 
fome  fuitable  fubftance,  fuch  v.  g . as  fugar. 

sirjcnic , in  its  reguline  form,  is  not  foluble  in 

water  ; 
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water ; and  of  the  white  calx  of  arfenic,  cold  wa- 
ter takes  up  no  more  than  a few  grains  in  a kanne; 
— befides,  this  calx  is  very  rarely  found  naturally 
foluble  in  water;  neverthelefs,  as  it  may  fome- 
times  happen,  efpecially  in  countries  abounding 
with  metals,  that  water  fhall  be  vitiated  by  arfe- 
nic, I fhall  here  fhew  by  what  method  it  may  be 
difcovered. 

If  the  dry  refiduum  be  thrown  upon  live  coals, 
or,  which  is  better,  expofed  upon  a piece  of  char- 
coal to  flame,  by  means  of  a blow-pipe,  a fmell 
like  that  of  garlic  will  be  diftin&ly  perceived 
this  is  the  mofl  certain  indication  of  the  prefence 
of  arfenic.  Many  other  methods  have  alfo  been 
thought  of,  but  they  are  in  general  fuch  as  can- 
not be  employed,  unlefs  the  water  contains  arfe- 
nic alone,  which  is  feldom  or  never  the  cafe. — If 
a clear  folution  of  hepar  fulphuris  be  dropped  into 
water  containing  arfenic,  and  no  fubftance  be  pre- 
lent  to  prevent  it,  a yellow  precipitate  immediate- 
ly falls,  which  is  found  to  be  a fpecies  of  orpiment 
or  fulphurated  arfenic. 

6.  The  various  falts,  although  very  different 
from  each  other,  when  once  mixed  together,  are 
not  eafily  feparated  ; hence  often  arifes  confider- 
able  difficulty  in  the  analyfis  of  waters ; for  cer- 
tain of  the  neutral  and  middle  falts,  enter  into  more 
compound  combinations,  and  obflinately  refill  re- 
paration, even  though  cryflallization  be  many 
times  repeated ; at  leaf!  they  adulterate  one  ano- 
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ther,  and  are  not  obtained  pure  without  the  ut> 
moft  difficulty. 

This  difficulty  has  already  been  in  fome  degree 
removed  by  feparating  the  deliquefcent  falts  (x.  a), 
which  otherwife  would  enter  the  water  neceffiiry 
for  cryitallization,  and  prevent  that  procefs  from 
going  on  regularly. — The  following  are  the  prin- 
cipal inconveniences  which  dill  remain  : — • 

The  uncombined  mineral  alkali  can  fcarce  be 
perfectly  feparated  from  common  fait : the  weight 
of  both  thefe  taken  together  being  known,  let  the 
alkali  by  degrees  be  exactly  faturated  with  vitrio- 
lic acid ; this  being  done,  let  an  equal  quantity  of 
the  fame  acid  be  faturated  with  mineral  alkali ; 
which  being  cryfhllized,  the  weight  of  alkaline 
fait  mixed  with  the  common  fait,  and  confequently 
the  weight  of  the  fea-falt  itfelf,  will  appear  (/£). 

We 

(/$)  As  the  operator  can  never  be  fure  of  attaining  the 
precife  point  of  faturation,  even  though  he  fhould  ufe  the 
precautions  of  diluting  the  acid  or  alkali,  and  mixing  a 
tin&ure  with  the  liquor  ; that  he  may  be  able  to  perceive 
the  progrefs  of  its  changes,  the  procefs  of  M.  Gioanetti 
to  obtain  the  reparations  of  the  fame  falts  feems  more  ad- 
vantageous ; it  con  fills  in  reducing  all  the  fofiil  alkali  into 
foliated  earth,  by  the  addition  of  a fufficient  quantity  of 
diftilled  vinegar ; and,  after  cryftallizing  the  whole  mafs 
again,  to  diffolve  the  terra  foliata  in  fpirit  of  wine  : the  folc 
attention  neceffary  is,  not  to  burn  the  terra  foliata,  and 
confequently  to  evaporate  by  a very  gentle  heat.  The 
learned  phyfician  of  Turin  found  that  fpirit  of  wine  would 
not  take  up  fea-falt,  even  when  mixed  with  terra  foliata. 

By 
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We  have  already  (hewn  (b.  3.)  how  mineral 
alkali  and  magnefia,  when  united  with  the  fame 
vitriolic  acid,  as  alfo  vegetable  and  mineral  alkali, 
when  falited,  may  be  feparated  ; — the  weight  of 
the  whole  and  of  one  ingredient  being  known, 
that  of  the  other  is  eafily  determined. 

Alum  and  vitriolated  magnefia  are  feparated  by 
chalk,  but  not  by  quick  lime,  which  decompofes 
both  *,  whereas  chalk,  or  rather  aerated  lime,  de- 
compofes alum,  but  induces  no  change  upon  vi- 
triolated magnefia. 

Finally,  if  diftinct  concretions  cannot  otherwife 
be  obtained,  the  metallic  falts  are  to  be  precipita- 
ted by  phlogifticated  alkali,  the  earthy  ones  by 
fixed  alkali,  and  the  precipitates  managed  as  di- 
rected (x.  d):  the  quantities  of  the  precipitating 
alkalis,  and  of  the  falts  produced  by  their  means, 
cannot  fail  to  give  the  requifite  information  (d). 

(c)  The  folution  made  by  boiling  water  (x.  c) 
contains  fcarcely  any  thing  more  than  gypfum, 
which  may  be  either  feparated  by  cryftallization, 
or  decompofed  by  an  alkali. 

(d)  In  order  that  the  different  falts  may  be  the 
more  eafily  diftinguifhed,  and  their  mutual  rela- 

By  diftilling  the  fpirit  of  wine,  and  calcining  the  refiduum, 
the  foffil  alkali  which  exifted  in  the  firft  faline  mafs  will  be 
retrieved  in  fubftance  without  mixture.  The  quantities 
then  may  he  verified  in  this  cafe,  both  by  fubtraftion  and 
addition,  and  by  procuring  the  matter  itfelf.  Morveau. 


tions 
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tions  the  better  underftobJ,  I add  the  following 
iketch  of  the  moft  remarkable  among  them,  ha- 
ving treated  elfewhere  of  the  aerated  alkalis. 

Vitriolated  vegetable  Alkali ; vulgo  vitriolated 

Tartar. 

(/)  ioo  parts  cohtain  about  52  of  pure  vege- 
table alkali,  40  of  vitriolic  acid,  and  8 of  water. 
In  arl  heat  ot  1 5 one  part  of  this  fait  requires, 
for  folution,  16  of  water,  but  of  boiling  water  no 
more  than  5.  The  taffe  is  weak  and  fomewhat 
bitter ; it  does  not  deliquefee  in  a moift,  nor  fuf- 
fer  fpontaneous  calcination  in  a dry  air  ^ it  decre- 
pitates in  the  fire,  and  is  fuled  with  difficulty. 

The  original  form  of  the  cryftals  is  that  of  an 

(/)  I ffiall  fubjoin  Mr  Kirwan's  eftlmation  of  the  refpec- 
tive  quantity  of  ingredients  in  thefe  ialine  compounds, 
The  reader  will  probably  be  furprifed  at  the  difference  be- 
tween his  numbers  and  thofe  of  the  author  ; but  fuch  pro- 
blems are  among  the  moll  difficult  in  chymiftry,  There 
is,  however,  a circumftance  which  muff  not  be  concealed, 
and  which  will  contribute  to  reconcile  much  of  the  differ- 
ence : — Mr  Kirwan  confiders  the  acids  as  pure,  and  total- 
ly free  from  water ; whereas  Profeffor  Bergman  confiders 
them  in  a date  of  confiderable  concentration  indeed,  but 
•as  containing  a very  large  proportion  of  water. 

. IO°  grain8  of  thIs  fak>  perfectly  dry,  contain,  aceord.- 
mg  to  Mr  Kirwan,  3c,  21  of  real  acid,  64,  61  of  alkali* 

and  5,  .8  of  water:  when  cryftallized,  they  contain  6,  .8 
of  water.  B. 

^ hexagonal 
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hexagonal  priftn,  terminated  at  both  ends  by  an 
hexaedral  pyramid. — The  accidental  figure  varies 
in  many  different  ways. 

Vitriolated  mineral  Alkali ; vulgo  Glauber’s 

Salt. 

(m)  i oo  parts  contain  15  of  pure  mineral  al- 
kali, 27  of  vitriolic  acid,  and  5 8 of  water.  In  a 
moderate  heat,  one  part  requires  2.-*-,  of  water, 
of  boiling  water  only  4* — It  does  not  dpliquefce  in 
a moift  air ; it  fuffers  Tpontaneous  calcination  in 
heat;  it  liquefies  in  the  fire,  again  grows  dry, 
and  then  fufes. — The  fade,  bitter  and  cold. 

The  form  irregular  hexagonal  prifms  ; two  op- 
pofite  fides  broader,  the  apices  oblique,  formed 
of  two  planes,  confiding  of  the  two  oppofite  nar- 
row fides  of  the  prifm,  inclined  to  each  other  in 
a manner  refembling  the  roof  of  an  houle. 

Nitrated  vegetable  Alkali;  vulgo  common  Nitre. 

1 1 - 1 u»)  >C  • • » ..«*  .0*i  ■ 

(ji)  100  parts  contain  49  of  pure  vegetable  ai- 

(«/)  100  grains,  perfeftly  dry,  contain  29*  11  °*  nierc 
vitriolic  acid,  4*,  6 of  mere  alkali,  and  22,  28  of  water. 
— In  cry  Hals  they  contain  13,  19  of  vitriolic  acid,  21,  87 
of  alkali,  and  64,  94  of  water.  B. 

(«)  ico  grains,  perfectly  dry,  contain  30,  86  of  acid, 
66  of  alkali,  and  3,  14  of  water.— In  cryftals  they  contain 

29,  89  of  acid,  63.  97  of  alkall'»  and  6’  *4  of  water*  B* 

kali, 
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kali,  33  of  nitrous  acid,  and  18  of  water;  one 
part  requires  7 of  water,  but  of  boiling  water 
fcarce  more  than  1.  The  tafte,  acrid,  bitterilh, 
cold; — it  neither  deliquefees  nor  effiorefees ; — it 
detonates  with  ignited  phlogifton. 

1 he  form  prilinatic,  hexagonal,  often  flriated. 
The  apices  hexagonal,  pyramidal,  generally  ob* 
liquely  truncated. 

Salited  vegetable  dikali ; vulgo  Sal  digeftivus 

Sylvii. 

(0)  too  parts  contain  61  of  pure  vegetable  al- 
kali, 31  of  marine  acid,  and  8 of  water  ; 1 part 
requires,  for  folution,  3 parts  of  water  in  a mo- 
derate temperature  ; of  boiling  water  2.  The 
tafte,  fait  and  acrid  ; it  neither  fuffers  deliquef- 
cence,  nor  fpontaneous  calcination  ; it  decrepi- 
tates in  the  fire,  and  fufes. 

The  form  cubic,  fometimes  prifmatic,  qua- 
drangular, perpendicularly  truncated. 

Salited  mineral  Alkali;  vulgo  Sea  Salt , or  Muria. 

(р)  100  parts  contain  42  of  pure  mineral  al- 

kali, 

* ‘ i ‘ * 

(с)  100  grains,  perfe&ly  dry,  contain  29,  68  of  acid, 
47  of  alkali,  and  6,  14  of  water;  but  when  cryftallized 

they  contain  7,  85  of  water.  B. 

(/>)  ico  grains,  perfettly  dry,  contain  nearly  35  of  real 
acid,  53  of  alkali,  and  13  of  water,  ioo  grains  of  the 

^4  crystals 
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kali,  52  of  marine  acid,  and  6 of  water.  One 
part  in  a moderate  heat  requires  of  water, 
of  boiling  water  1^-.  The  tafte,  fait. — It  fuffers 
neither  deliquefcence  nor  fpontaneous  calcination  ; 
it  decrepitates  in  the  fire,  then  flows. 

The  form  cubic. 

I ■ r 

/ 

Vitriolated  Lime ; vulgo  Gypfum. 

(q)  too  parts  contain  32  of  pure  lime,  46  of 
vitriolic  acid,  and  22  of  water.  One  part  re- 
quires of  water  at  a moderate  heat  500,  of  boil- 
ing water  450.  The  tafte,  earthy,  fcarcely  fenfi- 
ble.  It  fplits  in  the  fire ; and  in  a very  intenfe 
heat  it  fules. 

1 

The  form  fpathaceous  or  octaedral ; the  two 
oppofite  apices  deeply  truncated,  lb  as  to  relemblc 
a table,  with  a cuneiform  margin. 

Vitriolated  Magnejia ; vulgo  Sal  catliarticus 
arnarus — Epfom  Salt. 

(r)  100  parts  contain  19  of  pure  magnefia,  33 

of 

cryftals  contain  33,3  of  acid,  50  of  alkali,  and  16,  7 of 
water.  B. 

(?)  The  proportion  of  ingredients  in  natural  gypfum 
varies,  but  of  artificial  100  grains  are  eftimated,  by  Mr 
Kirwan,  to  contain  32  of  earth,  29,44  of  acid,  and  38,56 
of  water  ; when  well  dried  it  lofes  about  24  of  water,  and 
therefore  contains  42  of  earth,  39  of  acid,  and  19  of  water, 
per  cent.  B. 

(r)  100  grains,  perfeftly  dry,  contain  45,  67  of  mere 
i vitriolic 
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of  vitriolic  acid,  and  48  of  water.  One  part  re- 
quires 1 of  water  at  a moderate  heat,  of  boiling 
water  fcarce  -J.  The  tafte  exceflively  bitter,  and 
fomewhat  cold  ; it  fuffers  fpontaneous  calcina  ion 
in  heat ; in  the  fire  it  foams,  grows  dry,  and  fufes. 

The  form  prifinatic,  tetragonal,  with  pyrami- 
dal quadrangular  apices. 


Vitriolated  Clay  ; vulgo  Alum. 

(s)  100  parts  contain  18  of  clay,  38  of  vitriolic 
acid,  and  44  of  water;  1 p;rt  requires  30  of  wa- 
ter in  a moderate  heat,  of  boiling  water  A.  The 
tafte  fweetifh,  aftringent ; it  fuffers  neither  deli- 
quefcence  nor  calcination  j in  the  fire  it  foams, 
dries,  and  grows  hard. 

The  form  o&aedral. 


Nitrated  Lime. 

(0  100  Parts>  well  dried,  contain  32  of  pure 

■vitriolic  acid,  36,  54  of  pure  earth,  and  17,  83  of  water: 
in  cryftals  they  contain  23,  75  of  acid,  19  of  earth,  and 
57,  25  of  water.  B. 

(/)  100  grains,  perfe&ly  dry,  contain  47,  74  of  acid,  32, 
14  of  earth,  and  25,  02  of  water  ; In  cryftals  they  contain 
23,  94  of  acid,  18  of  earth,  and  58,  06  of  water.  B. 

{()  100  grains,  carefully  dried,  contain  33,  28  of  acid, 
32  of  earth,  and  34,  72  of  water.  B. 

M 3 lime  < 
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lime  ; the  water  is  not  eafily  afcertained,  as  a part 
of  the  acid  is  alfo  expelled  by  calcination  ; it  is 
probable  that  it  amounts  to  25  at  leaft,  and  if  fo, 
the  acid  will  be  43  : it  deliquefces.  The  tafte  ex- 
tremely bitter  and  acrid  ; alcohol  diffolves  it,  and 
by  ebullition  takes  up  its  own  weight : it  cannot 
be  reduced  to  the  form  of  permanent  cryftals. 

Nitrated  Magnefia. 

(v)  roo  parts,  well  exficcated,  contain  27  of 
pure  magnefia ; fetting  down  the  water  at  30, 
which  in  this  cafe  it  rather  feems  to  exceed,  the 
acid  will  amount  to  43  : it  deliquefces,  yet  may 
be  obtained  in  the  form  of  oblique,  truncated,  te- 
tragonal, prifmatic  cryftals ; but  they  foon  again 
deliquiate : the  tafte,  extremely  bitter,  acrid  : 1 
part  in  a moderate  heat  requires,  for  folution,  9 
parts  of  alcohol. 

n 

Sallied  Lime  ; vulgo  Fixed  Sal  Ammoniac . 

(it)  100  parts,  well  exficcated,  contain  44  of 
pure  lime  ; fuppofmg  the  water  to  be  25,  the  ma- 
rine acid  will  be  3 1 : it  deliquefces,  and  cannot 
be  reduced  to  permanent  cryftals.  The  tafte  ex- 

(v)  100  grains,  well  dried,  contain  35,  64  of  acid,  27 
of  pure  earth,  and  37,  36  of  water.  B. 

(m)  i 00  grains,  well  dried,  contain  42,  56  of  acid,  38 
of  earth,  and  19,  44  of  water.  13. 

tremely 
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tremely  bitter : boiling  fpirit  of  wine  diffolves  its 
own  weight  of  this  fait. 

Salited  Magmfia. 

(w)  100  parts,  well  exficcated,  contain  41  of 
pure  magriefia ; fuppofing.the  water  to  be  25,  the 
marine  acid  will  be  34  5 deliquefctng  it  attracts 
o ,66  of  water : 1 part  in  a moderate  heat  requires 
5 parts  of  alcohol : The  tafte  extremeiy  bitter. 

(*)  Vitriolated  Copper  ; vulgo  blue  Vitriol, 

100  parts,  cryftallized,  contain  26  of  copper, 
46  of  vitriolic  acid,  and  28  of  water,  lhe  taite 
acefcent,  aeruginous,  cauftic  ; it  calcines  in  heat : 
1 part,  in  a moderate  heat,  requires  nearly  4 oi 

water,  but  of  boiling  water  much  lefs. 

The  figure  comprefied,  hexagonal,  prifmatic, 

obliquely  and  parallelly  truncated  on  both  fides. 

Vitriolated  Iron  ; vulgo  green  Vitriol, 

(jy)  100  parts  contain  23  of  iron,  39  of  vitrio- 


(<tw)  Of  this  fait  Mr  Kirwan  affirms,  that  it  cannot  be 
tolerably  dried,  without  lofing  much  of  its  acid,  together 
with  the  water.  B. 

(x)  100  grains  contain  27  of  Copper,  30  of  acid,  and 
43  of  water ; of  which  it  lofes  about  28  by  evaporation, 
or  flight  calcination.  B. 

( y ) ico  grains  of  this  fait,  in  cryftals,  contain  25  of 
iron,  20  of  real  acid,  and  55  of  water.  B. 

M 4 
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lie  acid,  and  38  of  water  : in  moderate  heat,  1 
part  requires  6 of  water,  of  boiling  water  4:  in 
heat  it  fplits  into  a yellow  powder,  in  the  fire,  in- 
to a ferruginous  powder.  The  tafle  acefcent, 
flyptic,  cauflic. 

The  form,  fpathaceous  : when  dephlogiflicated 
it  depofits  a portion  of  calcined  iron  ; the  ferrugi- 
nous deliquefeent  refiduum  is  readily  taken  up  by 
fpirit  of  wine. 

1 

Vitriolated  Zinc  ; vulgo  white  Vitriol. 

(z)  100  parts  contain  20  of  zinc,  40  of  vitrio- 
lic acid,  and  40  of  water ; in  a moderate  heat, 
1 part  requires  more  than  2 of  water,  but  much 
lefs  of  boiling  water.  The  tafle  acefcent,  aflrin- 
gent,  cauflic. 

The  form,  tetragonal  prifmatic,  terminated  by 
tetragonal  pyramidal  apices. 

The  advantage  of  knowing  the  proportion  of 
the  conflituent  principles  is  fignal  and  extenfive  ; 
—thus,  for  example,  fuppofe  the  weight  of  the 
magnefia  precipitated  (a,  3)  to  be  equal  m,  then 
3 3 . nl  — quantity  of  vitriolic  acid  neceflary 
for  faturating  it ; and  44  m = vitriolated  magnefia 

arifing  from  thence  — { \ : 44  m,  indicates  the 
weight  of  that  vitriolated  mineral  alkali,  which  is 

(z)  100  grains  contain  20  of  zinc,  22  of  acid,  and  58 
of  water.  f3.. 

produced 
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produced  by  precipitating  the  vitriolated  magnefia 
by  means  of  mineral  alkali  — -‘-7  : 14  : -Vo-  — t*'ie 
pure  mineral  alkali  neceffary  for  that  precipita- 
tion ; and  44  : 4-f  : 44-  m — ^ie  aetated  alkali  ne- 
eeffary  for  the  fame  purpofe.  In  the  prefent  cafe 
m is  given,  and  hence  all  the  formulas  are  eafily 
determined.  In  like  manner,  'on  other  occafions, 
the  caufes  are  found  fo  conne&ed,  that  one  phe- 
nomenon being  given,  many  others  are  immedi- 
ately fuggefted. 

§ xii.  Analyfis  is  to  be  confirmed  by  Synthefis. 

"When,  by  the  experiments  above  propofed  and 
defcribed,  the  feveral  heterogeneous  matters  are 
determined,  as  to  quantity  and  quality,  and  re- 
duced by  accurate  analyfis  to  perfect  certainty, 
nothing  remains  but  to  unite  with  pure  water  all 
the  feparated  maters  in  due  proportion : if  then 
the  water,  thus  treated,  exactly  and  perfectly  re- 
fembles  the  water  which  has  been  examined,  it 
mult  afford  an  irrefragable  argument  that  the  ana- 
lyfis has  been  properly  conducted. 

It  is  indeed  but  rarely  neceffary  to  examine  all 
waters  with  the  extreme  accuracy  above  defcribed ; 
but  as  the  queflion  was  concerning  the  art  of  ex- 
amining waters  in  general,  no  circurnflance  which 
lias  any  relation  to  the  fubje£t  could  properly  be 
omitted,  as  all  fuch  may,  in  certain  cafes,  be  ufe- 
ful,  nay  a. together  neceffary. 

§ xiij, 
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§ xiii.  The  Selection  and  Corntf ion  of  Wa- 
ters. 

Waters,  with  refpeffc  to  their  life,  may  be  divi- 
ded into  four  daffies  : iff,  Thofe  which  may  with- 
out difficulty  he  applied  to  daily  ufe,  fuch  are, 
good  fountain,  river,  and  lake  waters.  2d,  Thofe 
which  may  indeed  be  ufed,  but  yet  are  attended 
with  certain  inconveniencies,  unlefs  previoufly  pu- 
rified by  feme  means  or  other  : to  this  clafs  be- 
long hard  waters  as  they  are  called,  and  ftagnant 
waters,  which  have  not  fufficient  motion.  3d, 
Thofe  which,  on  account  of  their  contents,  can- 
not be  daily  employed  for  the  purpofes  of  life,  but 
are  ufed  at  certain  times,  and  under  certain  regu- 
lations, again  ft  infirmities  and  difeafes  ; fuch  arc 
the  medicated  waters.  Finally,  4th,  Thofe  which, 
on  account  of  the  nature  and  quantity  of  their  he- 
terogeneous matters,  are  feldom  or  never  ufed  in- 
ternally. but  neverthelefs  may/in  other  refpeCts  be 
extremely  ufeful. 

(a)  It  is  unneceffiary  to  beflow  much  labour  up- 
on the  firft  clafs,  as  daily  experience  evinces  it  to 
be  harmlefs,  and  therefore  not  to  require  any  cor- 
rection. In  proportion  as  water  is  rendered  lefs 
turbid  by  acid  of  fugar,  fixed  alkali,  or  folution 
of  filver,  it  is  the  more  pure,  and  with  the  greater 
juftice  referred  to  the  firft  clafs. 

(b)  ihe  fecond  clafs  is  rendered  very  turbid, 

t>y 
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by  folution  of  fugar,  or  of  fixed  alkaline  fait,  and 
is  confidered  as  the  more  impure  in  proportion  to 
the  quantity  of  precipitate. — Thefe  waters  are  au- 
ftere,  with  a flyptic  difagreeable  earthy  talfe  ; they 
are  apt  to  occafion  obftru&ions  ; and  a long  conti- 
nued ufe  of  them  appears  to  be  unfafe. 

Thefe  are  much  lefs  fit  for  obtaining  extracts 
from  folid  fubftances  than  the  former  clafs,  and 
are  therefore  much  lefs  efficacious  in  brewing,  in 
diddling,  in  preparing  deco&ion  of  coffee,  or  in- 
fufion  of  tea,  and  many  others ; — for  the  walking 
of  linen,  thefe  waters  are  more  or  lefs  unfit,  part- 
ly becaufe  they  do  not  eafily  diffolve  the  impurities, 
partly  becaufe  they  decotnpofe  the  foap,  and  ren- 
der it  unfit  for  the  purpofe.  Hard  waters,  for  the 
reafons  above  mentioned,  are  totally  ufelefs  in  the 
bleaching  of  linen ; they  are  alfo  unfit  for  boiling 
peafe,  beans,  and  other  pulfe,  as  they  neither  ma- 
cerate nor  make  them  foft — the  fame  is  obferved 
of  old  and  hard  fleffi. 

For  the  purpofes  of  preparing  hemp  and  flax 
by  putrefaction,  thefe  waters  are  the  lefs  ufetul, 
as  it  is  certain  that  they  poffefs  an  antifeptic  power  ; 
hence  fubftances  immerfed  in  them  preferve  their 
ftrength  and  texture  longer  than  they  would  do  in 
better  water.  This  circumftance  aft'ords  a hint 
for  trying  whether  thefe  waters  may  not  be  ufe- 
fully  employed  in  long  voyages,  as  they  can,  up- 
on occafion,  be  eafily  made  fit  for  ufe.  Tin,  in 
general,  grows  black  with  waters  of  this  fort; 

they 
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they' have  been  thought,  by  fome  perfons,  to  be 
unfit  for  the  watering  of  plants  ; but,  as  far  as  can 
be  conjt&ured  they  fhould  be,  in  this  intention, 
not  only  harmlefs,  but  fingularly  ufeful. 

Waters  endued  with  thefe  properties  are  called 
hard  ; and  in  fuch  waters  their  effefts  are  chiefly 
produced  by  an  abforbent  earth,  united  with  an 
acid  : if  the  aerial  acid  be  the  menftruum,  boil- 
ing alone  is  lufHcient  to  correct  the  water.  As  this 
fubtile  acid  is  expelled  by  heat,  the  earth  which 
had  been  fufpended  by  it  is  no  longer  foluble  in 
the  water,  and  therefore  precipitates,  and  all  the 
minute  particles  attach  themfelves  to  the  inequali- 
ties of  the  fubftances  they  meet  with,  and  adhere 
firmly;  hence  it  is  that  tea  kettles  are  generally 
in  a fhort  time  covered  with  a cruft  of  abforbent 
earth  ; and  hence  too  it  happens  that  the  furface 
of  pulfe  is  obftrutfted,  fo  that  the  water  cannot  pe- 
netrate them.  The  hardnefs  of  waters  which  de- 
pends upon  this  circumftance  is  of  little  confe- 
quence,  as  it  may  be  corrected  fimply,  by  boil- 
ing and  cooling  : but,  in  order  to  make  it  agree- 
able to  the  palate  after  the  depofition  of  the  calca- 
reous matter,  it  muft  be  expofed  to  the  open  air, 
in  broad  {hallow  veflels,  by  which  it  recovers 
from  the  atmofphere  a portion  of  the  aerial 

acid. 

But  if  the  abforbent  earth  be  fufpended  by 

pieans  of  any  other  acid,  it  is  not  fo  eafily  feparated  ; 

and  it  is  then  particularly  that  it  occafions  many 

of 
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;af  the  above-mentioned  inconveniences.  The  de- 
compofition  of  the  foap  takes  place,  bccaufe  the 
alkali  unites  more  willingly  to  the  mineral  acid  of 
the  middle  earthy  fait,  than  to  the  oil,  which  there- 
fore is  expelled,  and  being  infoluble  by  itfelf,  is 
collected  at  the  furface  of  the  water  in  the  form  of 
drops  or  of  a floating  membrane. 

The  other  effects  are  occalioned  either  by  the 
middle  fait  itfelf,  or  take  place  from  hence,  that 
during  the  boiling  a part  of  the  menftruum  flies 
off,  upon  which  the  deferted  bale  clofely  attaches 
itfelf  to  fuch  bodies  as  it  meets  with.  This  dif- 
fipation  readily  happens  to  the  nitrous  acid,  whe- 
ther united  with  lime  or  magnefia,  as  all'o  to  the 
marine  acid,  when  united  with  magnefia. 

This  fpecies  of  hardnefs  cannot  be  corrected  by- 
boiling  alone,  but  may  be  removed  by  a fixed  al- 
kali, which  precipitates  the  earthy  bafe.  For  this 
purpofe,  let  a foiution  of  pot  allies,  or  any  other 
alkaline  fait,  be  poured  into  the  water,  fo  long  as 
it  occafions  any  turbidnefs  : after  the  precipitate 
has  fallen  to  the  bottom,  it  muff  be  tried  whether 
any  turbidnefs  is  occafioned  by  the  addition  of 
more  alkali ; when  no  more  is  found  to  fall,  vve 
may  eafiiy  determine  what  quantity  of  alkaline 
fait  any  given  water  requires,  by  weighing  the 
alkali,  and  its  foiution,  previous  to  the  experi- 
ment. finally,  let  the  water,  thus  purified,  be 
decanted  off  from  the  fediment,  or,  if  neceffary, 
filtered. 


Stagnant 
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Stagnant  waters  are  liable  to  corruption  in  warm 
weather,  and  afford  lodgement  to  millions  of  in- 
fers. i his  inconvenience  is  obviated  in  the  fouth- 
ern  parts  of  Europe,  by  a fort  of  fandy  flone,  call- 
ed filters.  1 he  water  to  be  ufed  for  the  prepara- 
tion of  food,  or  for  drink,  is  made  to  pafs  through 
thefe  filters  ; and  is  thus  freed  from  all  fuch  hete- 
rogeneous matters  as  are  not  united  with  it  in  the 
way  of  folution. 

(c)  The  cold  medicated  waters,  which  poffefs 
peculiar  power  and  efficacy,  contain  a much  larger 
quantity  of  aerial  acid  than  the  common  waters ; 
and,  in  general,  their  excellence  is  chiefly  derived 
from  the  quantity  of  their  fubtile  acid  : however, 
as  they  are  feldqm  or  never  without  a mixture  of 
other  faline  fubflances,  it  is  by  thefe  that  their  pe- 
culiar effects  are  fpecifically  determined  : for,  tho* 
the  Seltzer  and  Pyrmont  waters  contain  a large 
proportion  of  the  aerial  acid,  no  one  e ft i mates  their 
efficacy  by  the  quantity  of  aerial  acid,  it  being  ra- 
ther dependent  upon  groffer  falts  ; though  thefe 
lgtter  are  certainly  vivified  by  this  true  mineral  lpi- 
rit,  and  from  it  receive  a more  adtive  and  pene- 
trating power. — The  method  of  determining  the 
quantity  of  this  volatile  acid  contained  in  waters 
has  been  explained  (vm.  a.  b). 

Cold  medicated  waters  in  general  may  be  divi- 
ded into  fuch  as  are  impregnated  with  iron,  and 
fuch  as  are  deftitute  of  that  metal ; and  hence  a- 
rifes  a confiderable  difference  with  refpedt  to  their 

ufe. 
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ufc.  Befides,  there  are  many  chalybeate  waters 
which  contain  iron,  either  totally  or  partially  dif- 
folved  in  vitriolic  acid  : Rich  waters,  when  only 
moderately  impregnated,  may  in  fome  cafes  be 
fuccefsfully  ufed,  but  are  for  the  mod  part  impro- 
per, and  fometimes  highly  pernicious ; therefore, 
as  the  number  of  chalybeate  fprings  is  very  great, 
it  is  of  much  confequence  to  be  able  to  didinguifh 
the  good  from  the  bad,  the  wholefome  from  the 
noxious  : it  would  be  extremely  advantageous  to 
edablifh  certain  chara&eridic  marks,  by  means  of 
which,  without  any  artificial  apparatus,  without 
-any  operofe  experiment,  and  without  a knowledge 
of  chymidry,  we  may  in  any  cafe  readily  difeover 
whether  a chalybeate  water  may  be  fafely  ufed  or 
not. — The  following  observations  will  be  found 
particularly  ufrful  for  that  purpofe  : — 

Let  about  half  a kanne  of  the  water  to  be  exa- 
mined boil  vehemently  for  about  a quarter  of  an 
hour,  in  a done  vdTel ; let  it  then  be  removed 
from  the  fire,  and  cooled  ; this  being  done,  let  a- 
bout  4-  of  the  water  be  poured  out  into  a.  glafs  vef- 
fel ; and  and  2,  4,  or  at  mod  6 drops  of  tin&ure 
of  galls  (vii.  d)  If,  now,  no  purple  or  violet 
tinge  is  produced — if  no  blacknefs  appears,  even 
after  danding  for  fome  hours,  this  is  a favourable 
fign,  affording  fufficient  proof  that  the  fpring  is  of 
a good  quality,  and  truly  acidulous;  but  if  the 
vitriolic  acid  be  the  menftruum,  it  depofits  an  o- 

chre 
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chre  upon  boiling,  without  lofing  its  power  on  a- 
flriiigents. 

There  occurs  alfo  a third  cafe,  namely,  where 
the  iron  is  partly  diffolved  by  aerial  acid,  partly  by 
vitriolic  acid  : Suppofing,  then,  the  quantity  of 
the  latter  to  be  fo  fmall,  that  when  the  former  is 
feparated  by  boiling,  the  water  has  no  fenfible  ef- 
fect upon  tincture  of  galls ; there  will  in  this  cafe, 
it  is  true,  be  prefent  a vitriol  of  iron,  but  in  far 
lefs  proportion  than  that  of  three  grains  to  a kanne 
(vi  i.  d),  fo  that  it  is  free  from  any  noxious  qua- 
lity ; and  even  this  minute  portion  may,  if  necef- 
fary,  be  eafily  made  vifible ; for  let  the  water  be 
boiled  until  only  a twentieth  part  remains,  add  then 
a few  drops  of  tin£ture  ol  galls,  and  it  will  in- 
flantly  be  tinged. 

It  is  thus  that  the  hot  waters,  which  are  re- 
markable for  efficacy,  abound  either  in  atmofphe- 
ric  acid,  as  the  Caroline  waters  in  Bohemia,  or 
xvith  hepatic  vapour,  as  thole  of  Aix.  Waters 
containing  the  grofler  falts,  without  any  elaftic  va- 
pour, without  a vivifying  principle,  are  as  it  were 
dead  ; and,  if  not  entirely  inert,  are  at  lead  heavy, 
and  of  fmall  virtue. 

In  general,  the  various  medicated  waters,  both 
hot  and  cold,  contain  fixed  principles  in  a propor- 
tion fo  fmall,  that  they  may  be  rendered  fit  for  do- 
meffiic  ufes,  only  by  boiling  and  cooling,  if  Icar- 
city  of  other  water  ffiould  render  that  procefs  ne- 
ceflary. 


If 
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If  a water  be  rendered  unfit  for  ufe  by  the  ad- 
mixture of  a fmall  quantity  of  metallic  fait,  this 
may  be  removed  by  a fixed  alkali  in  the  manner 
defcribed  (b);  but  if  it  be  in  large  quantity,  this 
inconvenience  is  occafioned  by  the  correding  it, 
namely,  that  another,  though  a more  innoxious 
fait,  fucceeds  to  the  firft.  Thus,  when  a vitriol 
is  precipitated,  there  arifes  a vitriolated  vegetable 
alkali,  which,  though  of  a weaker  tafte,  yet  oc« 
cafions  a degree  of  bitternefs,  greater  or  lefs,  ac- 
corcling  to  its  quantity  : however,  this  fait  does 
not  produce  any  noxious  effeds  in  the  human  bo* 
dy,  but  is  reputed  a gentle  purgative  ; nor  does  it 
prevent  the  water  from  being  converted  to  a great 
number  of  ufes : hence  it  appears,  that  a water 
contaminated,  even  by  a vitriol,  may,  in  cafes  of 
urgent  neceflity,  afford  an  ufeful  fupply,  by  means 
of  the  remedy  juft  defcribed. 

(d)  Waters  which  contain  a large  quantity  of 
any  neutral  fait,  fuch  as  vitriolated  mineral  alka- 
li, common  fait,  &c.  or  any  noxious  metallic  fait., 
fuch  as  green,  blue,  or  white  vitriol,  are  unfit 
both  for  internal  and  domeftic  ufes,  though  the 
fubftances  with  which  fuch  waters  are  loaded  may- 
be advantageoufly  colleded,  and  applied  to  other 
ufes. 

Sea-water  has  not  only  the  firong  tafte  of  com- 
mon fait,  and  the  bitter  one  of  falited  magriefia, 
but  occafions  a very  fingular  naufea,  which  is  fre- 
quently attended  with  vomiting.  This  naufeous 

Vol*L  N , ingredient 
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Ingredient  is  not  to  be  found  at  all,  or  but  very 
little,  in  lea-water  taken  up  at  the  depth  of  fixty 
fathom,  as  experiments  made  upon  water  taken 
up  at  that  depth  evidently  (hew  ; the  reafon  per- 
haps is,  that  the  immenfe  quantity  of  fidi,  worms, 
and  other  animals,  which  inhabit  in  the  ocean, 
dying,  are  gradually  carried  up  to  the  furface,  and 
there,  by  the  afliftance  of  the  air,  are  dedroyed 
by  putrefaction,  (at  leaft  this  is  the  cafe  with  fuch 
parts  of  them  as  are  foluble  in  water) ; and  this 
putrefactive  procefs  is  much  aflided  by  the  fait 
which,  at  the  furface,  is  prefent  in  precifely  the 
quantity  necelfary  to  promote  that  operation. 

To  render  fea-water  fit  for  the  ufes  of  mari- 
ners is  an  art  long  wilhed  for,  and  of  the  highefl 
moment.  That  which  i$  taken  up  at  the  depth 
of  fixty  fathoms,  or  more,  on  account  of  its  ex- 
treme faltnefs,  is  indeed  unfit  for  allaying  third  ; but 
when  mixed  with  an  equal  quantity  of  frefh  water, 
may,  beyond  doubt,  be  very  ufefully  applied  to 
the  preparation  of  food,  as  it  thereby  faves  one 
half  of  the  dock  of  frefh  water. 

That  water  which  is  found  at  the  furface  can 
only  be  rendered  fit  for  drink  by  didillation,  as 
recent  experiments  have  fliewn.  Many  diderent 
forts  of  apparatus  have  been  contrived  for  this  pur- 
pole  ; and  even  the  vapour  arifing  from  the  veffcls 
in  which  food  is  prepared  has  been  employed.  The 
mod  fui table  apparatus  for  this  purpofe  is  fuch  as 
will  at  once  yield  the  greateft  pollible  quantity  of 

water. 
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water,  and  require  the  fmallefl:  quantity  of  fuel : 
but  this  is  not  to  the  prefent  purpofe  ; fuffice  it  to 
fay,  that  fea- water  diftilled,  and  then  expofed  to 
the  air,  becomes  agreeable  and  wholefotne  ; — that 
which  firft  comes  over  fhould  be  thrown  away,  if 
it  contains  any  thing  putrid.  Some  part  of  the 
marine  acid  will  be  difengaged  by  violent  and  long 
continued  boiling  ; — but  this  inconvenience  may 
be  eafily  avoided,  by  adding  at  the  beginning  a 
little  pot-alhes,  which,  decompofes  the  falited  mag- 
neha. 


I * 


I 

DISSERTATION  III. 

' ON  THE 

WATERS  of  UPSAL, 


Tales  funt  aqua:,  quales  terra  per  quam  jluunt. 

Plin. 


§ i . Good  Springs  are  to  be  met  -with  in  great 
plenty , at  Upfal. 


m 


7 HOLES  OME  water,  in  fufficient  plenty, 
is  one  of  the  greateft  advantages  any 


place  can  poffefs,  and  the  mofl  likely  to  induce 
people  to  fettle  in  it ; becaufe  water  is  among  the 
moll  indifpenfable  neceffaries,  not  only  for  men 
and  animals  cooped  up  in  a fmall  fpace,  but  like- 
wife  for  a Angle  family,  however  fmall  it  may  be  ; 
fo  that  fcarcity  or  the  bad  quality  of  water,  ex- 
pofes  them  to  numberlefs  inconveniencies.  If 
any  city  in  Sweden  may  boaft  of  being  fortunate 

in  this  refpeft,  it  is  certainly  Upfal ; for,  befides 

✓ the 
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the  river  which  runs  through  it,  there  are  feveral 
excellent  fprings,  and  very  good  wells.  As  it  is 
important  to  know  the  fubftances  contained  in 
them,  I will  relate  fome  experiments  made  with 
this  view ; but,  to  avoid  too  tedious  a detail,  I 
{hall  only  fpeak  of  the  molt  remarkable,  fuch  as 
are  common  to  the  whole  city,  overlooking  the 
others,  of  which  each  ferves  only  a fingle  family. 
— I (hall  then  confine  myfelf  to  the  examination 
of  the  fix  following. 

1.  The  fpring  belonging  to  the  citadel  rifes  at 
the  bottom  of  the  hill  on  which  that  fortrefs  is 
built ; this  eminence  confifts  of  fand  ; its  eleva- 
tion is  of  1 00  Swedifh  feet  above  the  level  of  the 
river ; it  extends  on  each  fide  to  a great  diftance 
from  the  city  ; it  has  various  heights  and  wind- 
ings, being  fometimes  low,  and  as  it  were  creep- 
ing, at  others,  rifing  to  a confiderable  height. 
This  hill  fupplies  all  the  water,  not  only  of  the 
fpring  in  the  citadel,  but  of  the  other  fprings  and 
wells  to  the  fouth  of  the  river,  except  that  men- 
tioned in  the  6th  feclion.  Fre(h  ones  may  eafily 
be  found,  by  finking  at  its  foot. 

This  fpring  was  almoft  forfaken  till  within  thefe 
few  years  ; and  as  it  was  expofed,  it  became  gra- 
dually full  of  impurities,  which  obftru&ed  its 
veins;  fo  that,  in  February  1767,  it  was  almoft 
dry — much  lefs  rain  than  ufual  had  fallen  the  pre- 
ceding autumn.  It  however  again  made  its  ap- 
pearance ; but  the  ftrongeft  branches  opened  an- 

N 3 other 


*98  ON  THE  WATERS  OF  UPSAL. 


other  iflue  nearer  the  river,  where  a (tone  bafon 
was  made  for  it,  with  ^the  addition  of  a roof,  and 
where  it  furnifhes  water  of  a quality  fuperior  to 
all  the  other  fprings. 

i.  The  fpring  that  rifes  near  the  mill  of  the 
Univerfity  was  defended  by  walls  during  the 
whole  of  the  17th  century;  but  they  were  de- 
flroyed  in  1702,  at  the  time  of  the  fire,  which 
confumed  great  part  of  the  city.  As  it  was  ne- 
glected afterwards,  it  "was  obliged  to  bear  its  wa- 
ters to  another  place,  where  it  was  again  fur- 
rounded  by  (tone-work  in  1759-  As  it  is  very 
near  the  banks  of  the  river,  it  is  every  fpring  and 
autumn  overflowed  by  the  floods  during  fome 
days. — I (hall  call  it  the  mill-fpring,  though  it  is 
fometimes  called  St  Eric’s  fountain. 

3.  The  Sandvik  fpring,  which  takes  its  name 
from  a little  hamlet  in  the  neighbourhood,  is  fitu- 
ated  at  the  diftance  of  about  4 of  a mile  from  the 
city  ; — it  rifes  near  the  river. 

In  1 776  the  King  built  a (till-houfe  for  the  di- 
(tillation  of  corn  fpirit,  for  which  it  furnifhes  a 
very  good  water  in  fufficient  plenty : it  is  fo  dam- 
med up,  as  to  form  a kind  of  lake. 

4.  The  well  which  has  obtained  the  name  of 
Odin,  and  which  yet  is  not  of  fo  high  antiquity,  is 
fituated  near  the  college  of  Gufiavus;  it  is  deep, 
and  encloled  with  (tones,  but  there  is  no  bed  to 
convey  away  the  water,  and  it  is  therefore  necefl. 
fary  to  pump  it. 


5.  The 
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5.  The  well,  which  bears  the  name  of  Luth, 
formerly  profeflor  of  divinity,  is  fituated  furthei 
to  the  north  j it  is  enclofed  with  ftone  5 and  they 
who  chufe  to  ufe  it,  are  obliged  to  raife  it. 

6.  The  draw-well  ( puteus  trattorius)  fo  named, 
for  I know  not  what  reafon,  is  the  only  one 
on  the  other  fide  of  the  river ; it  is  open  to  every 
body,  neverthelefs  is  feldom  ufed,  unlefs  for  fome 
mean  purpofe. 

§ 11.  A Comparifon  of  the  Phyfical  Qualities 
of  the  Upfal  fVaters. 

(a)  The  water  of  the  fprings  is  as  limpid  as 
cryftal;  the  wells  are  little  inferior,  except  the 
6th,  which  has  a flight  opal  tinge,  but  lefs  per- 
ceptible than  the  river  water. 

(b)  Good  water  fhould  be  taftelefs  : the  fpring 
in  the  citadel  excels  in  this  refped  ; next  follow 
thofe  of  Sandvik,  and  the  mill ; but  thefe  waters, 
though  excellent,  imprefs,  upon  a delicate  and 
pra&ifed  palate,  fomewhat  of  an  earthy  favour. 
The  water  of  Odin’s  and  Luth’s  wells  is  agreeable, 
but  rather  lefs  brifk ; becaufe  it  is  almoft  ftagnant. 
The  water  of  the  draw-well,  being  more  impreg- 
nated with  earth,  is  by  no  means  agreeable  to  the 
tafte. 

(c)  The  temperature  of  the  fprings  is  at  6 du- 
ring almoft  the  whole  year ; in  the  dog-days,  it 
1'carce  jncreafes  or  30 : that  of  the  wells  is 

N 4 generally 
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generally  at  7.  The  water  of  the  river  follows 
the  changes  of  the  atmofphere. 

(d)  There  is  a fmall  difference  in  the  fpecific 
gravity — the  river  water  is  the  lighteft  of  all; 
next,  that  of  the  fpring  in  the  citadel.  Their 
weight  is  as  follows,  at  a temperature  of  1 50  (a) : 


Diffilled  water. 

10,000 

Pure  fnow- water. 

io,ooo|. 

Water  of  the  river. 

I 0,00 1 4- 

of  the  fpring  in  the  citadel. 

1 0,002 

of  the  mill  fpring. 

10,002 

of  the  Sandvik  fpring, 

1C, 002 

of  Odin’s  well. 

10,003 

of  Luth’s  well. 

10,003 

of  the  draw-well,  ■* 

10,012 

(e)  The  water  of  the  fprings  and  wells  is  ra« 
ther  more  copious  in  very  wet  feafons ; but  does 
not  diminifh  in  long  droughts.  The  mill  fpring 
affords  3,900  kannes  every  hour,  or  3TV  cubic 
feet ; that  of  the  citadel  lefs  j but  the  Sandvik- 
fpring  much  more. 

£ Hi.  The  Principles  of  thefe  IVatersy  collect- 
ed by  Evaporation. 

(a)  All  thefe  waters  depofit,  during  ebullition, 
(4)  6 = 42  or  43,  7 = 44  or  45,  and  15  s=  59  of  F.  B. 

a 


ON  THE  WATERS  OF  UPSAL. 


201 


a grey  powder,  which  in  time  forms  a cruft  on 
the  internal  furface  of  the  vefTels.  As  moft  of 
them  afford  only  a fmall  depofition,  it  is  not  ne- 
ceffary  to  collect  it,  as  it  feparates : it  is  better  to 
continue  the  evaporation  to  drynefs.  Having  e* 
vaporated,  at  the  beginning  of  June,  after  a long 
continuance  of  dry  weather,  6 kannes  of  each  of 


thefe  waters,  I found  the  quantity  of  refiduum 
to  be  per  kanne  as  follows : 

grains. 

The  river  water. 

8 

That  of  the  mill-fpring, 

9r 

of  the  citadel, 

io 

of  the  Sandvik  fpring, 

lO 

of  Odin’s  well. 

12 

of  Luth’s  well. 

of  the  draw-well. 

* 

(b)  In  order  to  feparate  the  faline  from  the 
earthy  part,  the  feveral  refidua  fhould  be  wafhed 
in  diftilled  water,  dried,  and  weighed  ; then  fome 
marine  acid  fhould  be  poured  on  the  earthy  mat- 
ter, which,  in  the  prefent  inftance,  produces  a 
violent  effervefcence,  and  diffolves  the  greater 
part;  what  is  not  diffolved  by  the  acids  cannot  be 
fuled  by  itfelf  upon  coals  excited  by  the  blow-pipe, 
when  it  has  been  well  wafhed;  it  refifts  fufion 
after  the  addition  of  microcofmic  fait ; borax  pro- 
duces this  effed,  but  very  flowly ; mineral  alkali, 
fuled  in  a iUver  fpoon  or  ladle,  attacks  it  with 

effer-* 
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effervefcence,.  and  completely  diffolves  it;  the  re- 
fidua  of  the  river  water,  and  that  of  the  draw-well, 
muft  be  excepted ; for  a finall  portion  of  them 
remains  infoluble  (b) : this,  therefore,  is  filiceous 
earth,  which  although  it  is  fpecifically  heavier  than 
water,  feems  to  have  been  fufpended  by  means  of 
its  tenuity ; for  it  is  poffible  that,  by  being  pul- 
verized, an  heavier  fubftance  may  be  made  to 
acquire  fo  much  furface,  that  the  frittion  of  the 
water,  which  mult  be  overcome  before  it  can  fub- 
fide,  may  form  an  equilibrium  to  the  excefs  of  its 
weight.  Though  quartz  is  of  a truly  faline  na- 
ture (c),  yet  I can  fcarce  believe  that  it  is  diffol- 
ved  in  fo  large  quantity;.  I muft  not,  however, 
omit  to  remark,  that  it  cannot  be  feparated  from 
our  waters,  either  by  filtration  or  reft  : it  is  found 
among  the  aerated  calcareous  earth,  adhering  to 
tea-kettles. 

The  folution  in  the  marine  acid  affords  only 
calcareous  earth  on  addition  of  alkali ; wherefore 
our  waters  contain  only  aerated  calcareous  earth, 
and  a little  quartz ; but  in  different  quantities, 
as  we  (hall  foon  fee.  The  river  water,  and  that 
of  the  draw-well,  are  befides  charged  with  a little 

(£)  In  the  fecond  volume  of  this  Colle£Iion  will  he 
■ found  an  Way  on  the  Blow-pipe,  and  the  way  to  ufe  it. 

(c)  Here  the  author  refers  to  the  12th  Differtation  of 
the  fir  A:  volume;  but  there  are  only  11.  It  is  the  2d  of 

*vol,  ii. 

Lit 
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clay,  which  we  faid  that  the  alkali  was  incapable 
of  diffolving  by  means  of  heat. 

(c)  The  diftilled  water  which  has  been  poured 
on  the  refiduum  to  dilfolve  the  faline  part,  fur- 
nifhes,  by  fpontaneous  evaporation,  common  fait, 
falited  lime,  and  vitriolated  foffil  alkali:  . the  cal- 
careous feafalt  may  be  feparated  by  highly  recti- 
fied fpirit  of  wine  (d).  The  lalt  ley,  when  con- 
centrated by  evaporation,  affords  very  often  a 
little  mineral  alkali,  which  is  of  a dark  red  ; but 

% 

the  phlogiflicated  alkali  does  not  give  a blue  pre- 
cipitate : the  water  of  the  draw-well  affords  more- 
over a few  fmall  prifms  of  nitre,  which  may  be 
known  by  their  detonation  on  charcoal ; and,  in~ 
Read  of  Glauber’s  fait,  a little  felenite. 

(d)  In  order  to  learn  the  nature  of  the  elaflic 
fluid  contained  in  thefe  waters,  l boiled  a certain 
quantity  of  each  in  a glafs  retort,  of  which  the 
end  of  the  neck  was  bent  upwards,  and  introdu- 
ced under  a little  phial  inverted,  and  full  of  mer- 
cury. The  fluid  thus  obtained  is  partly  abforbed 
by  water,  and  confequently  muff  be  aerial  acid  ; 
the  remainder  is  pure  air,  fit  for  the  fupport  of 
ignition  and  refpiration.  It  is  obvious,  that  the 
quantity  of  common  air  remaining  in  the  upper 
part,  and  the  neck  of  the  retort,  before  the  va- 
pours begin  to  rife,  fliould  be  deducted. 

(e)  Nearly  the  fame*  fubftances  are  to  be 

[4)  See  the  foregoing  DjfTertation,  § x.  a.  § xj.  a. 

found 
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found  in  all  thefe  waters  ; but  the  quantities  dif- 
fer.— The  following  are  what  they  contain  per 
kanne 

grains. 

The  river- water  contains  of  aerated  calca- 
reous earth,  - 2 

That  of  the  citadel-fpring, 
of  the  mill-fpring, 
of  Sandvik  fpring, 
of  Odin’s  well, 
of  Luth’s  well 
of  the  draw-well. 

The  river-water  contains  of  filiceous  powder, 
of  the  citadel-fpring, 
of  the  mill-fpring, 
of  Sandvik  fpring, 
of  Odin’s  well, 
of  Luth’s  well, 
of  the  draw-well. 

The  river- water  contains  of  clay. 

The  draw-well, 

The  others, 

The  river-water  contains  of  common  fait, 

The  citadel-fpring. 

The  mill  fpring, 

Sandvik  fpring, 

Odin’s  well, 
i Luth’s  well, 

The  draw-well. 

The  river-water  contains  of  falited  lime. 


• 

T 

i 

Tl 

i 

T 
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I'he  citadel-fpring, 

grains. 

* 

* “ T 

The  mill-fpring, 

» 

~ T 

The  Sandvik  fpring. 

- - f 

Odin’s  well, 

JL 

» 

Luth’s  well, 

JL 

■ “ a 

The  draw-well, 

- I 

The  river-water  contains  of  vitriolated  tartar. 
The  citadel- fpring. 

The  mill-fpring, 

Sandvik  fpring, 

Odin’s  well, 

Luth’s  well, 

The  draw- well. 

The  water  of  the  draw-well  contains  of  fe- 
lenite  - - 

The  reft,  - 

The  river-water  contains  of  aerated  foflil 
alkali,  - - 

The  citadel-fpring, 

, The  mill-fpring, 

Sandvik  fpring, 

Odin’s  well, 

Luth’s  well. 

The  draw-well. 

The  river-water  contains  of  extradive  mu- 
cilage, - . 

The  draw-well, 

/ * 

The  others  nearly, 

The  water  of  the  draw-well  contains  of  nitre 
The  others  - 


JL 
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All  thefe  warers  contain  about  the  fame  quantity 
of  air,  viz.  6 cubic  inches ; of  which  nearly  4 are 
aerial  acid,  the  reft  pure  air,  which  is  carefully 
to  be  diftinguifhed  from  common  air  (e). 

Ihe  quantities  juft  laid  down  vary  a little: 
they  increafe  or  diminifti  in  the  different  feafons, 
according  to  the  quantity  of  rain  and  fnow,  and 
from  other  circumftances.  It  is  poffible,  nay, 
it  does  undoubtedly  come  to  pafs,  that  the  pro- 
portions undergo  fome  change  in  the  courfe  of  fe- 
veral  years j for  at  firft  the  water  diffolves  with 
facility  all  the  foluble  fubftances  of  the  ftrata  over 
which  it  paffes ; and  after  it  has  fucceffively  car- 
ried them  away,  it  meets  with  no  more,  at  leaft 
the  quantity  is  diminifhed  : befides,  thefe  fubter- 
raneous  canals  themfelves  are  liable  to  various 
changes.  In  one  place  the  old  ones  are  flopped 
up,  in  another,  new  ones  are  opened : now,  fince 
the  particles  of  the  ftrata  traverfed  by  the  waters 
are  not  conftantly  of  the  fame  nature,  it  cannot 
appear  ftrange  that  they  ftiould  partake  of  thefe 
varieties. 

(f)  We  have  already  obferved,  that  the  fili- 
ceous  earth  was  fufpended  in  our  waters,  on  ac- 
count of  the  extent  of  furface  arifing  from  the  te- 
nuity of  its  particles  : the  fame  remark  may  be  ap- 
plied to  the  greater  part  of  the  aerated  calcareous 
earth,  which  feparates  along  with  the  filex  during. 


(/)  See  above,  Diff.  I.  § nn. 
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ebullition.  In  reality  the  water,  when  rarefied 
by  the  heat,  lofes  fo  much  of  its  fpecific  gravity 
that  the  earths  are  precipitated : the  increafed  mo* 
bility  of  the  particles  of  the  water  facilitates  this 
reparation.  The  calcareous  earth  held  in  folution 
by  the  aerial  acid  Rill  further  contributes  to  the 
production  of  this  effeCt ; becaufe,  as  the  heat  vo- 
latilizes the  folvent,  it  joins  the  fubftances  which 
are  only  diffufed,  and  enlarges  their  molecules. 
It  is  now  eafy  to  conceive  why  tea-kettles  come  to 
be  covered  with  a calcareous  cruft,  of  which  the 
quintal  contains  about  3 or  4 pounds  of  particles 
of  quartz. 

A kanne  of  water,  completely  aerated,  is  capa- 
ble of  diffolving  27  grains  of  aerated  calcareous 
earth  (/) ; wherefore  our  waters,  which  contain 
in  that  quantity  only  four  cubic  inches  of  this  acid, 
will  diffolve  little  more  than  a grain.  It  will  per- 
haps appear  ftrange  that  the  particles  which  are 
fufpended  in  a fluid,  only  on  account  of  their 
fmallnefs,  fhould  not  impair  its  tranfparency  : but, 
in  the  firft  place,  I have  remarked,  that  the  water 
of  the  draw-well.,  which  contains  moft  earth,  is  a 
little  opal  coloured ; on  the  other  hand,  it  fhould 
be  confidered,  that  particles  of  fufficient  tenuity 
to  pafs  through  the  filter,  and  to  remain  fufpend- 
ed in  water  by  friction  alone,  mult  neceflarily  be 
tranfparent,  at  leaf!  as  long  as  they  are  furround- 
cd  by  water. 

(/)  Sec  DIffi  1.  $ II. 


§ IV. 
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$ tv.  Effefis  produced  by  Prccipitants  on  the 
IV aters  of  Upjal. 

• » 

(a)  Thefe  waters  fcarce  heighten  paper  colour- 
ed blue  by  turnfole ; they  give  a flight  (hade  of 
blue  to  paper  made  red  by  Brazil-wood  ; they  do 
not  at  all  alter  paper  tinged  by  turmeric.  The 
caufes  of  thefe  changes  have  been  afllgned  a- 
bove  ( ?). 

(b)  Spirituous  timflure  of  galls  fhews  no  veftige 
of  iron,  any  more  than  the  phlogifticated  alkali. 

(c)  The  mineral  acids  produce  no  perceptible 
change.  If  a little  of  the  cryftallized  acid  of  fu- 
gar  be  thrown  into  them,  it  generally  forms  white 
ftreaks  as  it  pafles  through  the  liquor,  and  a white 
powder,  which  is  real  faccharated  calcareous  earth, 
colle&s  round  it  at  the  bottom  of  the  veflfel. 
Thefe  phenomena  are  but  faintly  exhibited  by 
the  river  water ; they  are  more  perceptible  in  that 
of  the  fprings ; and  very  evident  in  thofe  of  the 
wells,  efpecially  of  the  draw  well.  The  faccha- 
rine  acid  alfo  occafions  a fmall  precipitate  in  fnow- 
water,  but  it  is  not  vifible  for  lome  hours  (/?). 
This  acid  fcarce  makes  our  waters  turbid  after 
boiling,  efpecially  the  fpring-waters,  which  de- 
pofit  molt  of  their  earth  during  the  boiling. 

(^)  See  DifT.  II.  § vii. 

( b ) See  below,  Dill'.  VIII.  £ ft, 

( c ) The 
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(d)  The  fixed  alkalis  precipitate  a white  earth, 
which  on  examination  is  foundjto  be  real  calca- 
reous earth.  A copious  precipitation  takes  place 
immediately  in  the  draw-well  water ; in  the  reft 
it  is  flower,  and  far  lefs  confiderable.  The  water 
of  the  draw-well  is  fcarce  made  turbid,  after  boil- 
ing, by  addition  of  alkali. 

(e)  Lime-water  turns  white  inftantly,  and  a 
calcareous  precipitate  is  formed  ; this  is  owing  to 
the  aerial  acid  which  combines  with  the  pure  cal- 
careous earth,  and  carries  down  with  it  the  earth 
which  was  held  in  folution  by  the  excefs  of  this 
acid,  and  which  is  then  deprived  of  its  folvent  (/). 

If  thefe  watgrs  be  made  to  boil  brifldy,  and  a 
larger  quantity  of  lime-water  be  then  added,  a 
flight  turbid  appearance  is  perceived,  which  an- 
nounces the  obftinate  adherence  of  the  laft  por- 
tions of  aerial  acid. 

(f)  Salited  ponderous  earth  in  the  fpace  of  24 
hours  caufes  no  alteration  in  the  water  of  the  ri- 
ver; a very  flight  one  in  that  of  the  fprings ; and 
a much  more  perceptible  one  in  that  of  the  wells, 
particularly  of  the  draw-well,  from  which  it  pre- 
cipitates a white  powder ; this  clearly  announces 
the  prefence  of  the  vitriolic  acid  ( k ). 

(g)  Salited  lime  produces  no  change  in  thefe 


(/')  See  DifT.  I.  $ xi, 

(k)  See  DHTertation  II.  $ vir.  and  the  Efiay  already 
quoted  on  the  Ele&ive  Attra&ions. 
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waters ; they  indeed  contain  no  fubftance  capable 
of  decompofing  it. 

(n)  If  a piece  of  alum  be  thrown  into  any  of 
thefe  waters,  it  is  decompofed  as  it  diffolves : the 
aerated  calcareous  earth  attracts  the  vitriolic  acid; 
and  the  argillaceous  bafis,  left  alone,  forms,  as 
ufual,  a ftraturn  parallel  to  the  bottom  of  the  vef- 
feh 

(i)  The  folution  of  filver  clouds  all  thefe  wa- 
ters ; — it  fcarce  affe£ts  fnow-water. 

(k)  Nitrated  mercury,  made  without  heat,  oc- 
cafions  a white  precipitate  in  them  ; that  made 
with  the  aid  of  heat  occafions  a yellow  precipitate, 
which,  in  the  water  of  the  draw-well,  is  very  co- 
pious. Snow  water  is  fcarce  rendered  turbid  by 
the  former  of  thefe  preparations,  and  very  fenfi- 
bly  by  the  latter. 

(L)  Corrofive  fublimate  fometimes  occafions  a 
flight  precipitate,  of  a white  colour,  which  fhould 
perhaps  be  attributed  to  a little  volatile  alkali 
(m)  Acetated'  lead  inflantly  renders  thefe  wa- 
ters milky.  The  lead  precipitated  in  the  river- 
water  is  entirely  foluble  in  diddled  vinegar;  a 
fmall  part  of  that  precipitated  in  the  water  of  the 
fprings  remains  itifoluble  in  that  menftruum;  but 
It  is  vifible  only  when  large  quantities  have  been 
fubmitted  to  examination.  More  of  the  precipi- 
tate formed  in  the  water  of  the  wells  refills  the 
aftion  of  vinegar,  which  attacks  falited  but  not 
Vitriolated  lead* 

(n)  A 
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(n)  A piece  of  martial  vitriol,  thrown  into 
thefe  waters,  occafions  a precipitation  of  martial 
earth  as  it  diffolves.  If  a few  drops  of  the  folia- 
tion of  this  vitriol  be  poured  into  a fmall  phial, 
containing  about  an  ounce  of  water,  and  the  pre- 
cipitation be  immediately  made  by  a few  drops  of 
liquid  vegetable  alkali,  the  precipitate,  which  at 
firft  is  green,  foon  changes  to  a yellow  colour, 
though  the  bottle  is  full,  and  well  flopped  : this 
phasnomenon  indicates  the  prefence  of  pure  air 
in  our  waters,  which  attra&s  the  phlogifton  of  the 
precipitate.  Let  the  fame  operation  be  repeated 
on  thefe  waters  immediately  after  boiling  ; if  they 
are  kept  in  well  clofed  phials,  the  martial  precipi- 
tate will  preferve  for  whole  years  the  green  colour 
which  it  owes  to  the  phlogifton. 

(o)  Soft  Venice  foap,  rubbed  in  our  waters, 
produces  a copious  foam,  except  in  that  of  the 
draw-well,  in  which  it  lathers  very  imperfectly : 
they  all  take  up  a portion  of  the  foap,  which  ren- 
ders them  milky; — even  that  of  the  draw- well 
does  not  recover  of  itfclf  its  former  tranfparency. 

§ v.  On  the  Ufes  for  which  thefe  JVaters 

are  fit. 

1'  rom  thefe  obfervations  we  are  enabled  to  judge 
of  the  fuperior  excellence  of  the  Upfal  waters  : 
that  of  the  draw-well  muft  be  excepted ; but  it 
may  be  corre&ed  by  boiling,  and  would  be  much 

^ 2 improved, 
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improved,  if  it  was  oftener  drawn,  and  lefs  flag- 
riant ; it  is  indeed  not  quite  crude,  fince  it  dif* 
folves  a little  foap.  If  we  overlook  this  water, 
and  that  of  the  river,  they  are  all  agreeable  to  the 
tafle,  when  they  are  drank  cold ; but  the  fpring 
belonging  to  the  citadel  has  fome  advantage  over 
the  others;  the  waters  of  all  the  fprings,  how- 
ever, are  equally  good  to  be  drank  hot.  The  ri- 
ver-water is  generally  ufed  for  wafhing,  for  boil- 
ing  garden-fluff,  making  coffee,  beer,  and  fpirit 
of  corn,  principally  becaufe  a large  quantity  may 
be  procured  with  lefs  trouble.  The  water  of  all 
the  fprings,  and  the  two  firfl  wells,  would  ferve 
equally  well,  and  indeed,  on  fome  occafions, 
would  be  preferable ; for  inflance,  for  the  wafh- 
ing of  fine  linen,  for  flarching  it,  and  tinging  it 
with  a flight  blues  by  means  of  turnfole — the  wa- 
ter of  the  fprings  fhould  be  preferred,  becaufe 
that  of  the  river  gives  it  a reddifh  hue. 
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rarequeat?  Plin. 


§ i»  Of  medicinal  IVaters  in  general . 

PHyficians  have  two  principal  ways  of  curing* 
or  at  lealt  of  alleviating,  the  numberlefs  ma- 
ladies by  which  the  human  frame  is  affailed.  They 
either  employ  remedies  of  fuch  efficacy  as  to  pro- 
duce an  evident  effieft  in  the  courfe  of  a few 
hours ; or  elie  they  preicribe  a frequent  repetition 
of  mild  medicines  in  fmall  dofes,  of  which  the  ac- 
tion does  not  become  fenfible  till  feveral  weeks* 
and  fometimes  till  feveral  months,  have  elapfed  : 
among  the  latter,  mineral  waters  are  juftly  enu- 
merated; they  effect  furprifing  cures  every  day, 
and  fuch  as  could  not  be  expected  from  any  other 
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mode  of  cure  hitherto  difcovered.  We  are  not 
to  attribute  thefe  effects  to  fimple  water,  confi- 
dered  by  itfelf;  for,  according  to  fuch  a fuppofi- 
tion,  they  would  be  produced  in  every  place  alike, 
but  to  the  fubflances  mixed  with  it,  and  diffolved 
in  it,  by  which  it  is  fharpened,  and,  as  it  were, 
armed  with  fuch  efficacy.  Hence,  in  all  ages, 
good  phyficians,  defirous  of  eftablilhing  the  falu- 
tary  art  on  a firm  foundation,  have  confidered  it 
as  a duty  incumbent  upon  them  to  fubmit  to  chy- 
mical  analyfis  fuch  waters  as  were  famous  for  the 
cure  of  any  difeafe  ; and  if  this  talk  had  been  per- 
formed with  proper  exaftnefs,  we  fhould  now  be 
enabled  to  form  a certain  judgement  upon  the  ufe 
and  virtues  of  all  mineral  waters  When  the 
compofition  of  any  medicine  is  perfe&ly  under- 
ftood,  and  its  mode  of  operation  has  been  care- 
fully obferved  on  various  occafions,  the  phyfician 
has  then  fixed  and  clear  notions  concerning  its  ef- 
fects, which  cannot  fail  of  becoming  highly  fer- 
viceable  in  future,  whenever  a mixture  of  the 
fame  fubflances,  in  the  fame  proportion,  is  difco- 
vered : if  fo  neceffary  a part  of  knowledge  has  not 
been  hitherto  acquired,  it  is  becaufe  the  analyfis 
of  waters  forms  one  of  the  moft  difficult  problems 
in  chymiftry.  The  fubflances  held  in  folution  are 
of  various  kinds,  and  always  in  very  fmall  quan- 
tity : not  to  mention  that  feveral  of  thefe  fub- 
flances, and  thofe  the  moft  important,  have  not 
been  well  known  till  of  late  j and  hence  it  hap- 
pened, 
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pened,  that  the  moft  accurate  analyfes  have  fallen 
very  far  fhort  of  perfection. 

Henceforward,  let  us  rely  on  no  analyfis,  un- 
til a mineral  water,  in  every  refpeCt  refembling 
the  natural  water,  has  been  recompofed,  with 
pure  water  and  the  fubftances  that  have  been  ob- 
tained. 

§ 11.  Situation  cf  the  Spring  at  Denmark. 

The  fpring  which  I propofe  to  examine  with 
fome  attention  is  htuated  at  the  diftance  of  about 
three-quarters  of  a mile  fouth-weft  from  Upfal,  in 
the  parifh  of  Denmark.  In  the  neighbourhood 
feveral  veins  of  mineral  water  have  been  difcover- 
ed,  but  four  efpecially  are  in  repute  ; they  are 
very  near  together,  and  rife  in  the  meadow  Wall- 
by,  of  which  the  foil  is  argillaceous.  Thefe  aci- 
dulous fprings  were  difcovered  in  1733,  and  fre- 
quented with  great  advantage;  they  were  after > 
wards  forfaken  and  negleCted,  for  what  reafon  I 
know  not,  till  the  fpring  of  the  prefent  year  (a). 
Then  Ab.  Scoderberg,  a fkilful  furgeon  of  the 

( a ) The  celebrated  G.  J»  Wallerius  publifhed,  thirty- 
fix  years  ago,  a defeription  of  this  fountain  newly  difcover- 
ed, in  a work  entitled,  “ Tankar  om  Danemarks  Halfo- 
“ brune.”  He  mentions  fome  fortunate  cures  effe&ed  by 
them  ; but  they  have  probably  undergone  great  changes 
fince  that  time,  as  will  appear  from  a comparifon  of  his 
defeription  with  that  which  I fhall  give  below. 

o 4 
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Upland  regiment,  caufed  a proper  refervoir,  and 
the  neceffary  buildings,  to  be  conftru&ed,  a little 
nearer  the  royal  road  than  they  were  before.  Laft 
fummer  a great  concoiirfe  of  people  reforted  to 
thefe  waters,  and  took  them  with  benefit.  This 
fountain  lies  in  a plain  between  the  fouth  and  the 
weft; : there  is  an  eminence  fituated  at  fome  di» 
fiance,  from  which  the  fprings  probably  derive 
their  origin. 

§ nr.  Phyjical  Vitalities  of  this  Fountain . 

The  four  veins  afford  much  more  than  one 
hundred  kannes  of  water  every  hour,  which  ap- 
pears very  limpid ; but,  when  compared  with 
that  of  the  fprings  at  the  mill,  or  citadel,  a con- 
fiderable  difference  is  perceived.  When  it  is  at 
reft,  or  runs  but  flowly,  its  furface  fhews  the  fe- 
veral  colours  of  the  rainbow,  and  a depofition  of 
ochre  is  feen  at  the  bottom.  If  the  refervoir  has 
been  kept  long  clofed,  a ftrong  hepatic  fmell  is 
exhaled  from  it,  which  may  alfo  be  perceived  af- 
ter fhaking  the  water  for  a few  moments  in  a 
corked  bottle,  and  then  applying  it  to  the  nofe. 

This  water  has  a tafte  of  ink,  but  it  is  very 
foon  found  to  be  in  a great  meafure  deftitute  of 
that  brifk  and  agreeable  acid  which  makes  the 
acidulous  fprings  in  repute  fo  volatile  and  fo  effi- 
cacious. 


The 
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The  temperature  is  between  ( b ) 90  and  iq°. 

The  fpecific  gravity  is  to  that  of  diftilled  water 
as  100,26,  iojooo. 

§ iv.  The  Quantity  of  Aerial  Acid, 

I have  made  many  experiments  to  determine 
how  much  of  that  elaftic  which  is  properly  called 
the  aerial  or  atmofpherical  acid,  is  contained  in 
this  acidulous  fpring.  One  part  changes  ten  parts 
of  the  blue  tin&ure  of  turnfole  to  a very  percep. 
tible  red  j however,  four  parts  do  not  alter  this 
tin&ure  fo  much  as  one  part  of  the  Spa  water. 

Agitation  in  a corked  phial  produces  rather 
more  bubbles  in  this  water  than  in  that  of  com- 
mon fprings  treated  in  the  fame  manner.  If  what 
has  been  laid  above  of  its  tafte  be  recolle&ed,  it 
will  appear  that  there  is  a deficiency  of  aerial  acid  j 
as  will  be  feen  (till  more  clearly,  if  it  be  difenga- 
ged  by  heat,  and  colle&ed  by  means  of  quickfil- 
ver  (c)  : in  truth,  it  is  fcarce  found  to  contain  feven 
cubic  inches  in  a kanne  j whereas  the  lame  quanti- 
ty of  Spa  and  Pyrmont  waters,  as  they  are  im- 
ported into  Sweden,  contain,  the  former  near  fe- 
ven times,  and  the  latter  thirteen  times  as  much. 

(5)  48  and  50.  B.  % 

CO  See  DifT.  II.  $ r j 1 1* 

§ V. 
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§ v.  The  Principles  obtained  by  evaporation . 

In  order  to  obtain  the  fixed  fubftances  which 
do  not  fly  off  at  a boiling  heat,  I evaporated  given 
quantities  of  this  water  in  the  following  manner : 
•—after  expofing  it  to  the  fire  for  four  minutes,  I 
fuffered  it  to  cool.  1 then  filtered  it,  and  obtain- 
ed a kind  of  ochre,  amounting  to  i|-  grain  per 
kanne.  As  it  is  neceffary  to  adopt  fome  procefs 
for  procuring  an  equal  exficcation  of  the  refidua 
before  they  are  weighed,  1 expofe  them  for  fif- 
teen minutes  to  an  heat  of  ioo°  (d).  This  term, 
which  is  that  of  boiling  water,  feemed  the  moft 
convenient,  becaufe  it  may  always  be  very  eafily 
obtained. 

The  filters  fliould  be  dried  at  this  degree,  and 
afterwards  weighed,  in  order  to  eflimate  what 
they  contain.  It  is  indeed  impoffible  to  prevent 
fome  very  fubtile  particles  from  pafling  through  ; 
but  it  is  fl ill  more  difficult  to  feparate  the  fubftan- 
ces completely  which  adhere  to  and  penetrate 
white  paper  not  alumed,  which  is  proper  for  this 
purpofe.  After  thus  weighing  the  fubftance,  a- 
long  with  the  filter,  we  have  only  to  dedu&  the 
weight  of  the  latter  to  find  exactly  that  of  the  for- 
mer : moreover,  this  mode  of  drying  is  more 
convenient,  becaufe,  after  the  filter  and  its  con- 


[d)  212°  of  Fahrenheit.  B. 
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tents  have  been  left  expofed  to  the  air,  it  may  be 
rolled  up,  and  put  into  a glafs  phial,  and  the  boil' 
ing  heat  thus  applied  to  it. 

My  aim,  by  this  fir  ft  evaporation',  was  to  learn, 
whether  a little  calcareous  earth  or  magnefia  was 
not  held  in  folution  by  the  aerial  acid ; for  we 
have  feen  that  they  lofe,  at  this  temperature,  the 
excefs  of  that  fluid  necefiary  for  their  folution, 
when  they  precipitate,  and  remain  on  the  filter, 
along  with  the  ochre.  In  the  prefent  inftance, 
there  was  no  obfervable  veftige  of  them,  and  the 
refiduum  did  not  eflfervefce  in  the  leaft  with  the 
acids.  I then  continued  the  evaporation  till  the 
water  was  reduced  to  ; and,  after  having  fil- 
tered the  liquor  again,  the  refiduum,  when  dried, 
amounted  to  grains  per  kanne. — All  the  fol- 
lowing numbers  are  to  be  referred  to  this  mea- 
fure,  which  I will  mention  no  more,  and  which 
ought  always  to  be  underftood,  unlefs  another  is 
particularly  fpecified. — When  the  evaporation  of 
the  reft  was  finifhed,  and  it  had  been  dried,  there 
remained  16  grains ; wherefore  we  have  204-  grains 
for  the  fum  of  the  feveral  refidua,  of  which  we 
are  now  to  examine  the  nature. 

§ vi.  This  IVater  contains  aerated  vltriolated 

Iron. 

1 he  prefence  of  iron  is  known  by  the  ochre 
which  it  depofits,  its  tafte,  the  black  colour  it 

ft  r ikes 
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ftrikes  with  aftringents,  and  the  blue  colour  pro- 
duced by  phlogifticated  alkali.  But  it  foon  ap- 
pears, that  a very  fmall  portion  only  of  this  metal 
is  held  in  folution  by  the  volatile  acid  ; that  the 
greater  part  is  combined  with  an  heavier  and  a 
more  fixed  acid,  becaufe  this  water  retains  the 
property  of  turning  black  with  aftringents  (»■), 
after  having  been  long  expofed  to  the  open  air, 
and  even  after  boiling,  to  the  laft  drop  ; whence 
we  may  conclude,  that  it  is  a vitriolic  water  ; for 
if  the  iron  was  diffolved  by  the  aerial  acid  only,  it 
would  be  all  precipitated  by  boiling  : on  the  con- 
trary, water  impregnated  with  martial  vitriol,  kept 
in  an  open  vefi'el,  is  continually  depofiting  fuccef- 
live  portions  of  ochre  becaufe,  as  the  metallic 
bafts  gives  out  its  phlogifton  to  the  air,  which  at- 
tracts it  with  great  eagernefs,  the  acid  can  no 
longer  hold  the  fame  quantity  as  before  in  folu- 
tionfor,  as  iron  is  more  deprived  of  inflam- 
mable principle,  it  requires  more  acid  for  its  dif- 
folution,  and  heat  promotes  the  diflipation  of  the 
phlogifton.  In  water  containing  a very  fmall 

(e)  It  {hould  be  obferved,  that  an  excels  of  tinfture  of 
galls  may  eafily  miflead,  becaufe  common  water,  contain- 
ing a little  aerated  calcareous  earth,  without  an  atom  of 
iron,  precipitates  it.  The  precipitate  is  of  a yellowifh 
white  colour,  and  not  perceptible  at  firft  ; if  a little  iron 
fhould  be  prefent,  there  will  be  a mixture  of  violet-co- 
loured particles,  and  in  two  hours  a greenifh  tinge  will  ap- 
pear. 
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portion  of  vitriol  of  iron,  it  may  be  fo  far  di- 
minifhed  by  this  means,  that  neither  tinfture  of 
galls  nor  phlogifticated  alkali  produce  any  fenfible 
effedt. 

According  to  fome  modern  chymifts,  whatever 
water  gives  a blue  colour  with  phlogifticated  al- 
kali certainly  contains  green  vitriol ; but  this  opi- 
nion is  refuted  by  experiment,  for  diftilled  water, 
impregnated  with  aerated  iron,  affumes  the  fame 
tinge,  only  a little  more  flowly  $ a circumftance 
that  will  not  furprife  thofe  who  confider  the  un- 
equal ftrength  of  the  two  acids  with  which  the 
iron  is  combined  : it  is  even  certain,  that  vitriol 
of  iron,  completely  faturated,  does  not  afford  a 
fine  Pruffian  blue  fo  fpeedily,  nor  fo  copioufly,  as 
that  in  which  there  is  excefs  of  acid  ; for  the  pre- 
cipitate of  the  latter  fhews  inftantly  the  fineft  blue, 
whilft  that  of  the  former  has  at  firft  a blackifh  or 
whitifli  tinge.  In  the  prefent  inftance,  the  vitrio- 
lic acid  is  more  clearly  detected  by  other  procefles  : 
—the  addition  of  vinegar  of  lead  produces  fmall 
angular  grains,  which  are  not  attacked  by  vine- 
gar ; befides,  if  the  iron  is  precipitated  by  the 
fixed  vegetable  alkali,  a true  vitriolated  tartar  may 
be  obtained  by  cryftallization.  Now,  this  could 
never  happen,  if  no  vitriolic  acid  was  prefent  to 
combine  either  with  the  lead  or  the  alkali. 

It  is  poffible  to  determine  the  quantity  of  iron, 
by  the  colour  which  the  water  receives  from  the 
'tincture  of  galls  ; by  trying,  with  an  equal  num- 
ber 
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ber  of  drops  of  the  tindture,  equal  quantities  of 
water,  more  or  lefs  impregnated  with  vitriol  : 
when  the  fhade  is  the  fame,  the  bulk  of  water  e- 
qual,  and  the  quantity  of  the  aflringent  principle 
the  fame,  the  quantities  of  iron  muft  needs  be  e- 
qual ; and  as  the  operator  knows  how  much  is 
contained  in  the  folution  which  he  made,  he  will 
alfo  know  the  weight  of  that  contained  in  the  wa- 
ter which  he  is  analyfing  : this  procefs  is  not  to 
be  rejected  with  difdain  j but  to  be  certain  of  the 
refult,  requires  a tedious  exa&nefs.  Others,  after 
wafhing  the  whole  refiduum  in  pure  water,  then 
drying  and  weighing  it,  pour  one  of  the  mineral 
acids  upon  it ; and  afterwards,  pouring  off  the 
acid,  wafh  what  remains  undiffolved ; then  dry 
and  weigh  it  again,  and  from  the  diminution  of 
weight  colledf  that  of  the  iron.  This  method  is 
not  a bad  one  ; but  care  muft  be  taken  not  to  ufe 
too  ftrong  an  acid,  not  to  add  too  much  of  it, 
and  not  to  continue  the  digeftion  long ; for  if 
there  fhould  be  any  felenite  in  the  refiduum,  as  it 
is  foluble  in  the  acids,  they  may  take  up  more  or 
lefs  of  it,  perhaps  the  whole,  and  the  operation 
would  not  be  exadt ; — the  fureft  way  is  to  precipi- 
tate all  the  iron  with  phlogiflicated  alkali. 

A kanne  of  this  water  furnifhes,  by  this  prQ- 
cefs,  near  16  grains  of  precipitate,  which  contain 
about  1 4 grains  of  martial  vitriol,  as  i oo  of  this 
fait  in  cryftals  afford  1 1 5 of  Prulfian  blue  : the 
fmall  quantity  of  iron  diffolved  by  the  aerial  acid 

mull 
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tnuft  be  deduced  ; but  this  fcarce  exceeds  ^ of  a 
grain ; for  1 00  cubic  inches  of  this  acid  take  up 
only  q of  iron  (/). 

§ vii.  Of  the  Selenite. 

When  the  iron  has  been  parted  from  the  refi- 
duum  by  means  of  an  acid,  a whitifh  matter,  of 
the  weight  of  14  grains,  remains,  which  exhibits 
almofl  all  the  properties  of  felenite  ; it  is  alfo  found 
in  the  ochre  collected  by  the  fird  filtering  (§  v,). 
All  the  refiduums,  and  efpecially  the  laft,  are  eafi- 
ly  fufed,  with  an  appearance  like  boiling,  upon 
coals  excited  by  the  blow-pipe  ; they  leave  a glo- 
bular matter,  which  is  attracted  by  the  magnet, 
unlefs  it  has  been  too  long  expofed  to  the  fire. 
The  little  folubility  of  this  fubftance  in  water,  and 
the  appearances  it  fhews  in  the  fire,  whether  by 
itfelf  or  in  mixture,  fufficiently  Ihew  it  to  be  fe- 
lenite. Above  all,  it  may  be  known  by  decompo- 
fing  it  by  fixed  alkali  in  the  liquid  way;  for  the 
calcareous  earth  is  precipitated,  and  by  crydal- 
lization  Glauber’s  fait  or  vitriolated  tartar  may 

be  obtained,  according  to  the  kind  of  alkali  ern-. 
ployed. 

ihe  felenite  may  be  dill  better  feparated  from 
the  iron,  by  boiling  the  dried  refiduum  in  500 
times  its  weight  of  diddled  water,  which  dilfolves, 


all 


(/")  See  Differtation  I,  § xiv . 
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all  the  faline  part,  and  afterwards  it  is  eafy  to  de- 
termine the  quantity  by  weighing,  after  it  has  been 
dried,  the  ochre  which  remains. 

§ vi r i.  Of  the  Siliceous  Powder. 

If  the  felenite  is  diffolved  along  with  the  iron, 
(§  vi.  v t i . ),  there  remains  about  half  a grain 
of  very  fine  powder,  which  refills  the  acids,  even 
when  aflifted  by  heat ; — when  it  has  been  walhed 
and  examined,  it  is  found  to  be  true  filiceous 
earth, 

§ ix.  Of  the  Salts. 

By  a flow  evaporation  of  the  water  with  which 
the  refiduum  has  been  walhed,  about  three  grains 
of  perfect  cryftals  of  Glauber’s  fait  may  be  ob-> 
tained,  which  contain  only  the  fmall  portion  of 
iron  that  the  water  of  cryftallization  retains  : the 
remaining  liquor  is  greenifh,  and  does  not  eafily 
afford  cryftals ; but  when  reduced  to  drynefs,  it 
affords  two  grains  of  a deliquefcent  matter  of  an 
aftringent,  and  at  the  fame  time  fait  tafle  : this 
matter,  tried  by  different  tells,  and  efpecially  by 
precipitants,  is  found  to  be  vitriol,  but  in  a highly 
dephlogifticated  Hate,  and  a little  Glaubei  s fait 
mixed  with  common  fait ; this  laft  Ihews  itfelf  both 
by  its  tafte,  and  one  or  two  cubical  cryftals,  but 
chiefly  by  the  grey  and  acrimonious  fumes,  which  a- 
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rife,  and  by  the  particular  fmell  which  it  exhales, 
when  it  is  moidened  with  a little  concentrated  vi- 
triolic acid,  and  fome  wet  fubftanee  is  held  over 

t. 


§ x.  Principles  of  the  Denmark  tV ater. 


From  what  has  been  faid  before,  it  may  be 
concluded,  that  a kanne  of  the  Denmark  water 
contains, 


of  aerial  acid 
of  aerated  iron 
of  vitriol  of  iron 
of  Glauber’s  fait 
of  felenite 

of  com.  fait,  at  mod 
of  filiceous,  nearly 


7 cubic  inches 
grains,  § v 1 .■ 
14  $ vi.  and  IX; 

3t  § i x» 

14  grains,  § vii. 
o|-  § IX. 

§ VIII. 


In  all  32A  grains,  which  confiderably  exceed  the 
weight  of  the  whole  refiduum  (§  v.)  ; but  this 
difference  arifes  from  the  water  of  cryftallization, 
which  here  enters  into  the  account,  and  which 
the  heat  had  diffipated  when  the  refiduum  was 
weighed  the  firfl  time.  If  the  fame  fubftan- 
ces,  in  the  fame  proportions,  are  added  to  didd- 
led water  that  has  lod  its  empyreuma,  a folution 
perfe&ly  refembling  the  natural  water  in  tade  and 
every  other  quality  will  be  obtained  ; and  thus 
our  analyfis  is  completely  confirmed  by  fyntbefis; 
Vol.  I.  P : It 
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It  fliould  however  be  added,  that  the  acidulous 
water  of  Denmark  contains  a little  extractive  ve- 
getable matter,  which  without  doubt  it  has  recei- 
ved from  the  roots  that  it  met  with  in  its  paflage 
under  ground  ; and  probably  this  is  what  impairs 
its  limpidity  (§  hi.).  One  may  fometimes  difco- 
ver,  by  mere  infpection,  fragments  of  vegetables. 

The  variegated  pellicle  on  the  furface  does  not 
come  from  any  mineral  unCtuous  fubftance,  but 
from  iron  in  a certain  degree  dephlogifticated : 
fimilar  pellicles  appear  on  folutions  of  any  metal- 
lic falts  expofed  to  the  air  ; they  are  alfo  formed 
by  iron  diifolved  in  water  by  the  aerial  acid. 
Pure  air  forcibly  attracts  the  inflammable  prin- 
ciple ; and  it  is  evident,  from  many  experiments, 
that  the  colours  of  metallic  calxes  vary  according 
to  the  quantity  of  phlogifton  of  which  they  have 
been  deprived.  The  hepatic  fmell  plainly  points 
out  the  way  employed  by  nature  to  impregnate 
this  water  with  its  mineral  particles. 

Such  are  the  fubflances  contained  in  the  aci- 
dulous fprings  at  Denmark ; to  treat  of  their  ufes 
and  efficacy  does  not  fall  within  my  plan.  It  is 
however,  in  general,  evident  that  they  mull:  pof- 
fefs  virtues  different  from  thofe  of  lighter  waters 
in  which  the  iron  is  diifolved  by  the  aerial  acid  : 
but  although  the  fame  efleds  which  the  latter  eve- 
ry day  produce,  cannot  be  expeded  from  them, 
they  probably  poffefs  greater  power  and  efficacy 

in 
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in  thofe  cafes  which  may  require  a vitriolic  wa- 
ter. 

Moreover,  the  vitriol  and.  felenite  are  here  the 
active  principles ; the  other  fubdances  are  prelent 
in  fuch  fmall  quantity  that  they  can  have  little 
fhare  in  producing  the  effeas.  With  refpea  to 
the  felenite,  it  is  found  in  the  Pyrmont  water,  as 
well  as  many  other  waters  of  high  reputation  5 
but  there  is  great  reafon  to  queftion  its  falubrity* 
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§ i.  IV at er  taken  up  from  the  Sea  at  a con* 
Jiderable  Depth . 

HE  experienced  Dr  Sparrman,  who  lately 


vifited  the  Southern  Ocean  in  company 
with  the  Forfters,  and  who  in  that  voyage,  with 
indefatigable  care,  has  inveftigated,  collected,  and 
defcribed  the  wonderful  (tores  of  nature,  endea- 
voured, during  his  paflage  from  the  Cape  of  Good 
Hope  to  Europe,  to  afcertain  the  nature  and  pro- 
perties of  fea-water,  taken  from  a very  great 
depth:  — for  this  purpofe,  a number  of  glafs 
bottles,  with  narrow  necks,  and  well  corked, 
were  fucceffively  funk,  in  the  beginning  of  June 
1776,  about  the  latitude  of  the  Canaries  ; one  bottle 
taken  up  from  the  depth  of  80  fathom,  was  found 
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cracked  in  the  body  by  the  prefTure  of  the  fur- 
rounding fluid ; another,  funk  to  30  fathom,  had 
the  cork  a little  thruft  in,  but  not  fo  that  any  wa- 
ter could  enter ; it  was  therefore  let  down  to  60 
fathom,  and  when  brought  up,  was  found  filled 
with  water  up  to  the  third  part  of  its  neck— in 
that  place  the  cork,  which  had  been  thruft  in, 
ftuck,  fo  as  not  to  permit  any  water  to  efcape : 
afterwards  many  bottles  were  filled  at  that  depth, 
which,  upon  his  return.  Dr  Sparrman  fent  to  me, 
requefting  me  to  examine  with  all  poflible  accu- 
racy the  heterogeneous  matters  it  contained. 


§ 11.  Its  Habits  with  Precipitants. 

This  fea- water  had  no  fmell,  and  the  tafte  in- 
tenfely  fait,  not  agreeable  indeed,  but  by  no 
means  naufeous,  like  that  which  is  got  at  the  fur- 
face. 

(a)  Paper  tinged  with  Brafil-wood  was  render- 
ed a little  blue,  that  with  turnfole  had  its  colour 
fomewhat  heightened : thefe  phaenomena  fhew 
fome  weak  tokens  of  an  alkaline  fubftance ; name- 
ly,  magnefia  diflolved  by  means  of  aerial  acid. 
Tin&ure  of  turnfole  was  not  fenfibly  changed. 

(b)  Acid  of  fugar  immediately  precipitated  a 
white  powder  confiding  of  faccharated  lime. 

(c)  Fixed  alkali  quickly  precipitated  a white 
earth,  which  cn  examination  proved  to  be  mag- 
nefia. 

p 3 


(d)  s*. 
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(d)  Salited  terra  ponderofa  immediately  threw 
down  a fpathum  ponderofum. 

(e.)  Fhlogilticated  alkali  produced  no  fignsof  a 
blue  colour. 

Hence  we  may  didin&ly  perceive  the  prefence 
of  lime  (b),  of  magnefia(c),  of  vitriolic  acid(D); 
— with  relpect  to  common  fait  there  was  no 
doubt 

In  order  to  determine  the  quantity  and  quality 
of  the  proximate  principles,  I continued  the  in- 
vedigation  in  the  following  manner. 


§ m.  Principles  collected  by  Evaporation. 

A kanne  of  this  water  (the  fpecific  gravity, 
compared  with  diddled  water,  was  1,0289)  upon 
evaporation  to  drynefs,  yielded  a refiduum  which, 
when  well  exficcated,  weighed  3 ounces  378 
grains. 

(a)  This  refiduum,  well  walhed  with  alcohol, 
and  dried,  was  dimini  died  in  weight  380  grains. 

T he  folution,  diluted  with  diddled  water,  de- 
pofited,  on  the  addition  of  mineral  alkali,  a mag- 
nefia ; and  the  liquor,  on  evaporation,  yielded 
common  fait. 

(B)  in  order  to  difcover  whether  there  was  any 
vitriolated  magneda  prefent,  I added  to  the  falin? 
ynafs,  walhed  with  alcohol,  a finall  quantity  of 
warm  water,  and  fuddenly  decanted  it  oft".  This 
water,  on  examination,  Ihewed  no  figns  of  vitrio- 
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lated  magnefia,  either  in  tafte  or  by  precipitation, 
and  contained  nothing  but  a fmall  portion  of  com- 
mon fait. 

Vitriolated  magnefia  is  very  eafily  diflolved  in 
boiling  water,  whereas  of  pure  common  fait  fcarce- 
ly  any  more  is  taken  up  by  hot  than  by  cold  wa- 
ter ; by  the  above  method,  therefore,  they  may 
eafily  be  feparated.  ' Some  moderns  contend,  that 
more  of  common  fait  is  taken  up  by  cold,  than  by 
warm  water ; but  this  alfertion  is  contrary  to  the 
nature  of  things,  and  to  experience  : upon  accu- 
rate examination,  I found  the  quantities  taken  up 
by  boiling  water,  and  by  water  of  a moderate? 
heat,  to  be  refpedively  as  77  to  71 

(c)  The  common  fait  was  diflolved  in  a quan- 
tity of  cold  water  fo  fmall,  that  it  could  take  up 
no  more ; and  therefore  a white  powder  remain- 
ed, which  appeared  to  be  gypfum. 

(d)  This  gypfum  excited  in  diflilled  vinegar 
a very  flight  effervefcence,  which  foon  went  off', 
but  the  gypfum  was  fcarce  fenfibly  diminifhed, 

(e)  Upon  collecting  and  weighing  all  the  con- 
tents, each  kanne  is  found  to  contain 


Ounces. 

Grains. 

of  common  fait, 

- 2 

433 

of  falited  magnefia. 

- 0 

380 

of  gypfum. 

0 

45 

3 

378 
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The  magnefia  which  adhered  to  the  gypfum, 
and  had  been  diffolved  by  the  aerial  acid,  is  found 
in  fuch  fmall  quantity  as  not  to  amount  to  -f  of  3 
grain. 


§ iv.  The  Ufes  of  Sea-  fV at er. 

If  fea-water  taken  from  a confiderable  depth 
be  always  of  the  fame  nature  with  that  above  ex- 
amined, we  may  conclude  that  fuch  water  is  free 
from  the  ordinary  naufeous  flavour  ; and  this  fup- 
pofition  alfo  agrees  with  other  phaenomena ; for 
the  innumerable  croud  of  fifh,  infeCts,  and  vege- 
tables, that  grow,  live,  and  perifh  in  the  water, 
as  foon  as  they  begin  to  grow  putrid,  fwell,  and 
rife  to  the  furface,  or  at  lead:  fuch  parts  of  them 
as  are  extracted  by  the  water : on  the  furface 
thefe  meet  with  a fufficient  quantity  of  fait,  and 
free  accefs  of  air,  circumftances  which  wonder- 
fully promote  putrefaction.  This  deftrudtion  is  a 
neceffary  part  of  the  ceconomy  of  nature ; and 
thus  many  circumftances,  with  joint  force,  con- 
tribute to  this  operation ; the  neceffary  confe- 
quence  of  which  1 apprehend  is,  that  naufeous 
and  loathfome  tafle  occafioned  by  the  putrid  par- 
ticles near  the  furface; — but,  whatever  be  the 
* • 

caufe,  provided  the  faCt  be  uniform  and  conftant, 
an  advantage  of  no  trivial  nature  may  be  derived 
frorp  it  for  the  benefit  of  feamen ; for  fea-water, 
{aken  up  at  this  depth  at  leafl,  diluted  with  an 

equal 
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equal  quantity  of  frefh  water,  may  be  employed 
for  the  boiling  of  provifions,  by  which  means  one 
half  of  the  frefh  water  will  be  preferved  ; and  per- 
haps in  time  of  urgent  neceflity  a greater  faving 
might  be  made. 
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ARTIFICIAL  PREPARATION 


COLD  MEDICATED  WATERS. 


§ i.  Reafons  for  the  prefent  Undertaking. 
HERE  are  four  remarkable  fpecies  of  mine-* 


ral  waters ; namely,  the  Seydfchutz,  Selt- 
zer, Spa,  and  Pyrmont  waters,  which  are  im- 
ported into  Sweden  ; phyficians  having  found 
thefe  fo  ufeful  againft  infirmities  and  difeafes,  that 
a confiderable  quantity  of  them  is  prefcribed  and 
ufed  every  year. 

But  as  thefe  waters  either  cannot  be  had 
amonglt  us  at  all  during  the  winter  and  fpring,  or 
at  leaft  not  frelh,  although  the  moft  powerful  re- 
medy for  the  difeafes  which  prevail  at  that  time  of 
the  year : as  the  poor  cannot  purchafe  them  at 
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the  price  which  they  commonly  bear as  they 
lofe  more  or  lefs  of  their  virtue  during  the  voyage; 
— and  finally,  as  they  draw  yearly  confiderable 
fums  of  money  out  of  the  kingdom; — I thought 
it  worth  while  to  examine,  with  all  poflible  accu- 
racy, the  condiment  principles  of  thefe  waters : 
hoping  that,  thefe  principles  being  once  known, 
the  waters  themfelves  might  be  prepared  in  any 
part  of  the  world.  Whether  or  not  I have  fuc- 
ceeded  let  the  candid  and  fkilful  judge  from  the 
following  pages.  — We  now  proceed  to  the  analy* 
fis  of  thefe  waters,  as  they  mud  be  thoroughly 
known,  before  they  can  be  imitated. 

§ 11.  Analyfis  of  Seydfchutz  JVater. 

Principles  collected  by  Evaporation. 

The  tade  of  Seydfchutz  water  is  extremely  bit- 
ter and  difagreeable : in  boiling  it  feparates  a 
white  powder,  which,  colle&ed  on  a filter,  wadn 
ed  and  dried,  exhibits  a genuine  aerated  lime ; 
for,  when  faturated  with  vitriolic  acid,  it  is  all 
converted  into  gypfum. 

(b)  After  the  greated  part  of  the  water  is  eva- 
porated a gypfeous  pellicle  appears  on  the  furface, 
which  mud  be  carefully  taken  away,  as  long  as 
the  lead  vedige  of  that  fait  fhall  appear  during  the 
evaporation.  The  gypfum,  coiledted  and  wafhed, 
efiervefces  a little  with  diddled  vinegar  ; this  td'er- 

vefcence 
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vefcence  depends  upon  the  admixture  of  magnefia 
alba,  which  may  alfo  be  precipitated  from  the  acid 
menftruum  by  alkali  of  tartar:  however,  a fmall 
quantity  of  gypfum  will  remain  in  the  water,  even 
after  it  has  ceafed  to  produce  diftintt  pellicles. 

(c)  The  refiduum  is  of  a brown  colour;  and 
on  repeated  evaporation  this  water  yields,  almoft 
to  the  laft  drop,  cryftals  of  a bitter  fait,  which  is 
totally  decompofed  by  lime-water,  and  is  there- 
fore genuine  ( ) vitriolated  magnefia : for  Glau- 
ber’s fait  contains  the  mineral  alkali,  which  does 
not  yield  the  vitriolic  acid  to  lime.  The  cryftals, 
collected  and  diffolved  in  a fmall  quantity  of  wa- 
ter, depofit  on  the  bottom  of  the  veffel  that  fmall 
portion  of  gypfum  above  mentioned  (b).  Thefe 
cryftals  alfo  contain  a falited  magnefia,  which  part- 
ly unites  with  the  water  of  the  cryftals,  partly  ad- 
heres to  them  externally,  and  may  be  feparated  by 
fpirtt  of  wine. 

Salited  lime  cannot  exift  in  water  which  con- 
tains vitriolated  magnefia,  for  the  proximate  prin- 
ciples of  thefe  falts  are  immediately  changed  by  a 
double  elective  attraction  ; the  vitriolic  acid  feiz- 
ing  the  lime,  and  leaving  the  magnefia  to  the  ma- 
rine acid. 

Upon  repeating  the  analyfis  of  Seydfchutz  wa- 
ter, I found  that  the  different  fubftances  may  be  ' 
feparated  as  well,  or  better,  by  continuing  the 

(<i)  On  Magnefia,  $ r. 
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evaporation  at  firft  to  drynefs,  and  afterwards  fe- 
parating  the  one  from  the  other. 

(d)  In  order  to  determine  the  quantity  of  fixed 
air  contained  in  the  water,  l at  firft  made  ufe  of  a 
copper  cylindrical  veffel,  fitted  with  a conical  top 
(a  b c d,  tab.  ii.  fig.  1.)  into  this  I put  another 
leffer  cylinder  ( t F g h ) open  at  the  bottom,  and 
Handing  upon  three  feet,  but  clofed  at  the  top, 
except  the  little  tube  1,  whofe  upper  orifice  fhould 
ftand  about  half  an  inch  beneath  the  furface  of  the 
water,  filling  the  veffel ; and  the  procefs  is  thus 
condu&ed : — the  external  and  internal  veffels  are 
filled  with  the  water  under  examination ; then  a 
glafs  bottle,  filled  with  warm  water,  is  inverted, 
by  means  of  the  fpoon  l,  in  fuch  a manner  over 
the  tube  r,  that  no  air  bubbles  fhall  enter : the 
water  is  then  boiled  as  long  as  the  vapour,  and 
that  only,  arifes  in  the  form  of  bubbles ; mean 
time  the  water  contained  in  the  internal  veil'd  is 
forced  by  the  heat  to  emit  its  air,  which  rifes 
through  the  tube  1,  and  is  collected  in  the  bottle; 
if  neceffary  the  firft  bottle  may  be  removed,  and 
fet  in  a veffel  of  warm  water,  while  another  is  in- 
verted over  the  tube  as  quickly  as  poflible,  in  or- 
der to  prevent  the  efcape  of  any  of  the  air : final- 
ly, the  fpace  occupied  by  the  air  in  one  or  more 
bottles  is  to  be  meafured,  and  that  in  an  heat  of 
50  , to  prevent  the  abforption  of  air. 

Ihis  fpace,  compared  with  the  capacity  of  the 
internal  veffel,  fhews  nearly  the  quantity  of  air 
contained  in  a given  meafure  of  the  water.  Such 

• a 
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a method  I pra&ifed  at  firft  ; but,  although  the 
water  in  the  bottle  be  heated  to  the  50th  degree, 
I have  found  that  it  abforbs  fome  of  the  air  ; I 
therefore  afterwards  made  ufe  of  mercury,  which, 
if  the  operation  be  properly  conducted,  (hews  ex- 
actly the  quantity  of  air  required  (fee  Analyfis 
of  Waters,  vm.  a,  b).  The  bulk  varies  ac- 
cording to  the  gravity  and  temperature  of  the  at- 
mofphere  ; — hence  we  fhould,  as  much  as  poflible, 
chufe  determined  degrees  of  heat  and  weight. 

It  is  alfo  to  be  obferved,  that  the  aerial  matter 
thus  collected  generally  confifts  of  two  different 
elaflic  fluids,  the  one  perfeftly  agreeing  with  the 
aerial  acid,  the  other  with  pure  air ; that  is,  air 
fit  for  fupporting  flame  and  animal  refpiration. 
Common  water  abforbs  the  firft  of  thefe,  but  not 
the  latter,  being  already  faturated  with  it , and  by 
this  method  the  two  fluids  may  be  feparated  to  a 
certain  degree. 

(e)  The  feveral  matters  obtained  by  the  ana- 
lyfis above  defcribed  are  in  quantity  as  follows : 
a Swedifh  kanne  (that  is,  100  cubic  inches)  of 
Seydfchutz  water  contains 


grains. 


of  vitriolated  magnefta 
of  falited  magnefta 


of  aerated  lime 


of  vitriolated  lime 
of  aerated  magnefta 
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The  aerial  fluid  expelled  by  heat  amounts  to 
little  more  than  fix  cubic  inches,  nearly  four  of 
which  are  aerial  acid ; and  the  remainder  pure 
air. 

(f)  As  1 00  cubic  inches  of  aerial  acid  can  dif- 
folve  no  more  than  27  grains  of  aerated  lime  in  a 
kanne  of  water  (fee  Treatife  on  Aerial  Acid),  4 
cubic  inches  can  fcarcely  take  up  more  than  one ; 
the  greateft  part,  therefore,  of  the  aerated  lime 
found  in  Seydfchutz  water  is  mechanically  fuf- 
pended  in  it,  by  means  of  the  minutenefs  of  its 
parts. 

Salited  magnefia  may  be  partly  decompofed,  by 
bare  evaporation  to  drynefs — hence  we  mull  not 
, conclude,  that  all  the  magnefia  which,  upon  ana- 
lyfis,  is  found  in  a difengaged  Rate,  has  always 
exifted  in  the  water  in  that  fame  Rate,  but  rather 
that  it  has  been  united  with  marine  acid  in  greater 
or  lefs  quantity,  according  to  the  degree  of  heat 
applied  in  the  evaporation.  Salited  magnefia  is 
eafily  difcovered,  as  it  difl'olves  flowly,  and  with- 
out efiervefcence,  in  acids. 

§ hi.  The  appearances  of  Seydfchutz  Water 
with  Precipitants . 

(a)  Tinfture  of  turnfole,  made  with  diflilled 
water,  and  fo  diluted  as  to  appear  diRindtly  (£) 


W On  Aerial  Acid,  § vi. 


blue, 
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blue,  does  not  grow  red  upon  the  addition  of 
Seydfchutz  water — this  is  owing  to  the  fmall  quan- 
tity of  aerial  acid;  but  paper  tinged  by  turnfole  is 
made  more  diftin&ly  blue,  which  is  occafioned  by 
the  aerated  lime  and  (c)  magnefia.  If  any  difen- 
gaged  alkaline  fait  be  prefent,  it  is  eafily  difcover- 
ed,  by  means  of  paper  tinged  by  turmeric,  which 
is  quickly  and  diftin&ly  made  brown  by  alkalis, 
but  is  not  affe&ed  by  aerated  earths. 

Paper  tinged  by  fernambucum  grows  ’quickly 
blue,  upon  the  addition  of  Seydfchutz  water. 

(b)  Spirituous  tin&ure  of  galls  (as  well  as  phlo- 
gifticated  alkali)  neither  changes  the  colour  of  Seyd- 
fchutz water,  nor  precipitates  any  thing  metallic. 

(c)  Cauftic  vegetable  alkali  immediately  ren- 
ders Seydfchutz  water  turbid,  and  precipitates 
white  fpongy  flocculi.  The  precipitate  in  this  cafe 
is  magnefia  detached  from  vitriolic  and  nitrous  acid. 

(d)  A few  drops  of  concentrated  vitriolic  acid 
occalion  no  vifible  change ; the  particles  of  aera- 
ted lime  and  magnefia  are  too  much  diffufed  to 
make  the  effervefcence  obfervable  ; it  may,  how- 
ever, be  made  manifeft,  by  bringing  them  clofer 
together  by  evaporation,  although  in  this  cafe  the 
calcareous  particles  have  before  totally  feparated ; 
a circumflance  which  takes  pjfice  even  in  a mode- 
rate degree  of  heat. 

(e)  The  acid  of  fugar,  either  alone  or  united 
with  vegetable  alkali,  inftantly  difcovers  the  moft 

(t)  On  Aerial  Acid,  § xi  and  xn. 


minute 
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minute  particle  of  ( <i ) lime,  whatever  acid  it  be 
united  with;  for  this  acid  attra&s  lime  with  fuch 
force,  that  it  expels  even  the  vitriolic  itfelf,  and  all 
the  other  acids  hitherto  known,  and  forms  with 
it  a fait  very  difficult  of  folution,  which  therefore 
immediately  falls  to  the  bottom  in  form  of  a 
white  powder.  This  acid,  when  added  to  Seydf- 
chutz  water,  inflantly  precipitates  a faccharated 
lime. 

(f)  That  fubftance  which  is  commonly  called 
oil  of  lime  feparates,  though  fiowly,  a gyplum 
from  Seydfchutz  water ; and  this  is  effeded  by 
a double  decompofition,  the  vitriolated  magnefia 
and  the  falited  lime  changing  primary  principles. 

(g)  A fmall  piece  of  pure  alum,  put  into  Seydf- 
chutz water,  in  the  fpace  of  a quarter  of  an  hour 
occafions  an  earthy  ftratum  near  the  bottom  of 
the  veffel,  which  on  examination  is  found  to  be 
argillaceous.  This  is  produced  by  the  vitriolic 
acid  forfaking  its  bafe,  and  feizing  the  aerated 
magnefia. 

(11)  Solution  of  filver  makes  Seydfchutz  wa- 
ter immediately  turbid  ; for  vitriolic  and  marine 
acid,  when  prefent,  feparate  the  filver  from  nitrous 
acid.  ^ 

(1)  Solution  of  mercury  in  this  cafe  precipitates 
a turbith  mineral,  and  that  white,  in  inverfe  pro- 
portion to  the  dephlogiftication  of  the  metal  du« 


(d)  Of  the  Acid  of  Sugar,  ^ yj , 
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ring  its  folution.  If  the  mixture  be  fuffered  to 
Rand  quiet,  a whitifli  cloud  is  formed  over  the 
turbith  mineral,  which  is  no  other  than  a falited 
mercury 

(k)  Corrofive  fublimate  precipitates  flowly  a 
white  fediment,  which  confills  of  an  aerated  (e) 
mercurial  calx,  and  is  readily  precipitated  by  means 
of  lime  or  magnefia  aerated. 

(l)  Saccharum  faturni,  or,  to  fpeak  more  pro- 
perly, acetated  lead,  precipitates  a white  powder, 
which  is  a vitriol  of  lead,  occafioned  by  the  decom- 
pofition  of  vitriolated  magnefia.  The  whitenefs  of 
this  powder  demonftrates  the  abfence  of  fulphu- 
reous  matter 

(m)  Martial  vitriol  is  converted  into  an  ochre, 
during  its  folution  in  Seydfchutz  water,  becaufe 
the  aerated  lime  and  magnefia  feparate  the  vitriolic 
acid,  and  the  pure  air  contained  in  the  water  de- 
phlogiRicates  the  metallic  bafe  : vitriol  in  like  man- 
ner depofits  an  ochre  in  a bottle  full,  and  well 
flopped.  All  thefe  phsenomena,  therefore,  demon- 
flrate  the  prefence  of  the  feveral  matters  which 
were  before  afferted  to  be  contained  in  Seydfchutz 
water. 


§ iv.  Specific  Gravity. 

I compared  the  fpecific  gravity  of  Seydfchutz 
water  with  that  of  the  bell  common  water,  (di- 


(c)  On  Aerial  Acid,  $ sir. 


Rilled 
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Rilled  by  a flow  fire),  and  that  in  an  heat  of  1 50  t 
repeated  experiments  determined  its  fpecific  gra* 
vity  to  be  to  that  of  diftilled  water  as  1,0060. 

Although  the  fpecific  gravity  of  a folution  is 
rarely  agreeable  to  that  of  the  ingredients  taken 
together,  the  following  comparifon  will  not  be 
without  its  ufe  : 

* - 

A kanne  of  the  purefl  fnow-water,  diftilled 
flowly,  is  nearly  equal  in  weight  to  42,250  grains; 
the  fame  tneafure  of  Seydfchutz  water  weighs 
42,503  ; the  difference  therefore  is  255  grains. 
But  in  § ir.  we  got,  from  a kanne  of  Seydfchutz 
water,  no  lefs  than  922I  grains,  which  is  nearly 
four  times  the  lafl  number. — We  muff  now  take 
into  confideration  the  water  of  the  cryflals,  which 
in  100  of  aerated  lime  makes  11  ; of  vitriolated 
lime  22  ; of  aerated  magnefia  30  ; of  vitriolated 
magnefia  48  ; and  of  falited  magnefia  nearly  40. 
—Hence,  a calculation  being  made,  we  find  the 
watei  of  cryftallization  of  the  fubffances  contained 
in  a kanne  of  Seydfchutz  water  to  be  43 1 grains. 
Hence,  923-  431=492;  but  492  — 253  = 

239  5 which  Rill  fhews  a confidtrable  difference  2 
but  this  difference  will  foon  vanifh,  fuppofing  the 
fpecific  gravity  of  the  falts  to  be  in  general  2 ; and 
that,  conformable  to  the  moff  accurate  expert 
ments,  no  mutual  penetration  takes  place;— for 
49 2 grains  of  falts,  put  into  a kanne  of  diRilled 
water,  difplace  only  fo  much  water  as  is  equal 

tG  ~~  246 ’ the  we'ght  therefore  of  a kanne 

^ of 
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of  diftilled  water,  in  which  492  grains  of  falts 
are  diffolved  — 42,250  -f-  246  42,496  ; but 

42j5°3  42j49^  — 7’  Now,  fince  6 cubic 

inches  of  atmofpheric  acid  weigh  about  3 grains, 
we  have  at  length  7 — 3 = 4 grains,  indicating 
nearly  how  much  has  been  loft,  during  the  ope- 
ration, on  the  filters  and  veffels. 

§ v.  Analyjis  of  Seltzer  IVater. 

Principles  collected  by  Evaporation . 

Seltzer  water,  befides  a fubtile  pungent  acidity, 
excites  upon  the  tongue  a tafte  gently  fait,  and 
mildly  alkaline. 

(a)  By  quick  boiling,  it  depofits  an  aerated 

lime,  which  had  been  diffolved  by  means  of  fu- 
perabundant  aerial  acid  ; — this,  colle&ed  on  a fil- 
ter, is  found  to  contain  fcarce  any  aerated  mag- 
nefia,  as  this  laft  is  both  more  eafily  diffolved,  and 
retains  the  quantity  of  volatile  menftruum  necef- 
fary  for  folution  more  obftinately  than  the  lime 
does.  \ 

(b)  By  a continued  evaporation,  the  magnefia 
feparates,;  but  as  it  continues  to  feparate  during 
the  whole  evaporation,  it  cannot  be  colle&ed  by 
filtration  ; we  mult  therefore  evaporate  to  dryncfs, 
wafh  the  refiduum  with  hot  diftilled  water,  and  at 
length  the  magnefia  will  remain  alone  at  the  bot- 
tom. 


(c)  The 
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(c)  The  folution  which  is  obtained  by  warm 
water  yields,  on  cryftallizatiori,  two  halts ; the 
one  an  alkali,  which,  with  vitriolic  acid,  forms 
a true  and  pure  Glauber’s  fait,  and  is  therefore 
no  other  than  genuine  mineral  alkali ; the  other 
cubic,  agreeing  perfe&ly  with  pure  culinary  fait. 

Salited  magnefia,  which  almoft  always  accom- 
panies culinary  fait,  is  in  this  cafe  not  to  be  found; 
nor  could  it  poflibly  be  fo,  on  account  of  the  dif- 
engaged  alkali. 

(d)  The  weights  of  the  feveral  matters  contain- 
ed in  a kanne  of  Seltzer  water  are  as  fet  forth  in 


the  following  table. 

grains. 

Aerated  lime, 

17 

Aerated  magnefia, 

29-f 

Cryftallized  mineral  alkali, 

24 

Common  fait. 

io9i 

V 

1 80 

The  aerial  fluid  fometimes  amounts  to  60  cubic 
inches,  which  is  almoft  all  aerial  acid  ; for  the 
pure  air  fcarcely  exceeds  a Angle  cubic  inch. 

4 


§ vi.  The  Habitudes  of  Seltzer  JVater  zvitk 
Precipitants . 

(a)  lin&ure  of  turnfole  grows  red  upon  the 
addition  of  a fmall  portion  of  Seltzer  water;  but 

0^3  in 
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in  the  open  air  the  blue  colour  gradually  returns — 
a change  which  takes  place  immediately  upon  the 
application  of  heat. 

Paper  tinged  with  tindlure  of  turnfole  is  ren- 
dered more  diftinftly  blue  by  this  water  ; that 
tinged  by  Brazil  wood  grows  blue;  and  that  tin- 
ged yellow  by  turmeric  is  but  little  changed  : 
however,  if  the  ingredients  be  reduced  to  a frnall 
Ipace  by  evaporation,  this  paper  aflumes  a brown- 
ilh  red. 

(b)  Tinfture  of  galls  and  phlogifticated  alkali 
produce  no  figns  of  any  thing  metallic. 

(c)  Cryftallized  vegetable  alkali  produces  no 
effedl; ; but  the  cauftic  alkali  precipitates  a white 
powder,  which  effervefces  with  vitriolic  acid,  and 
forms  a gypfum  : this  therefore  is  aerated  lime, 
deprived  of  the  portion  of  volatile  menffruum  ne- 
ceffyry  for  its  folution. 

(o)  I he  ftrong  acids  cccafion  a great  number 
of  bubbles,  wdrich  confift  of  the  aerial  acid  expel- 
led from  the  alkali  and  the  aerated  earths. 

(e)  Acid  of  fugar  immediately  feizes  the  lime, 
and  falls  to  the  bottom. 

(f)  Salited  terra  ponderofa  precipitates  no  fpa- 
thum  ponderofum,  which  inoft  evidently  fhews  the 
abfence  of  vitriolic  acid  ; for  that  acid  attracts  terra 
ponderofa  with  fuch  force,  that,  deferting  every  o- 
ther  bafe,  it  unites  with  that  earth  in  the  form  of 
nearly  infoluble  atoms. 

(g)  Salited  lime  does  not  precipitate  a calca- 

reous 
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reous  powder  until  after  a day  or  two.  T his  pre- 
cipitate is  occafioned  by  the  mineral  alkali  which 
the  aerial  acid,  fo  long  as  it  remains  in  fufficient 
quantity,  holds  fufpended. 

(h)  Alum  is  decompofed  in  like  manner  by  the 
difengaged  alkali. 

(1)  Solution  of  filver  renders  Seltzer  water  im- 
mediately milky,  being  partly  converted  into  a 
falited  filver,  partly  yielding  its  acid  to  the  alkaline 
fait. 

(k)  Solution  of  mercury,  made  without  heat, 
in  nitrous  acid,  occafions  a copious  white  preci- 
pitate ; — the  folution  made  by  heat  caufes  a yellow 
one. 

(l)  Corrolive  fublimate  precipitates  a white 
powder,  but  not  until  after  fome  days. — If  about 
Y of  the  water  be  diflipated  by  evaporation  before 
the  fublimate  is  added,  no  change  is  obferved; 
but  after  a few  days  blackifh  cryftals  appear  by 
degrees.  Of  thefe  cryftals  we  have  already  treat- 
ed, (on  Aerial  Acid,  § xn). 

(m)  Cryftallized  faccharum  faturni  immediately 
precipitates  a white  fediment,  which  is  all  foluble 
in  vinegar  — The  fame  happens  with  lead,  either 
united  with  marine  acid,  or  precipitated  by  fixed 
alkali.  Vitriol  of  lead  is  not  foluble  in  vinegar. 

(n)  Vitriol  of  iron  depofits  a white  fediment, 
which  gradually  grows  yellow,  even  in  a bottle 
full  and  well  flopped. 


0.4 
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§ vn.  Specific  Gravity  of  Seltzer  Water. 

In  a moderate  heat,  I found  the  fpecific  gravity 
of  Seltzer  water  to  be  1,0027;  hence  the  weight 
of  one  kanne  fhould  be  42,363  grains,  which, 
calculating  from  the  ingredients,  will  be  42,250 
H-  — .p-1  —42,324*,  as  the  water  forms  about 
31  grains,  64  to  every  hundred  of  alkali,  allow- 
ing 6 to  the  fea-falt,  and  the  reft  as  in  § 1 v.  The 
weight  of  60  cubic  inches  of  aerial  acid  is  nearly 
30  grains;  therefore  42,363  — 42,324-1- — 30  = 
Si;  the  difference  of  weights  of  a kanne,  one  of 
which  is  computed  by  the  fpecific  gravity,  the 
other  from  the  quantity  of  the  heterogeneous  con- 
tents. 


§ viii.  slnalyjis  of  Spa  Water. 

Principles  collected  by  Evaporation. 

Spa  water  has  a martial  fub-alkalefcent,  mild, 
and  gently  pungent  tafte.  On  expofure  to  the 
open  air  for  fome  hours,  it  contra&s  a fhining  va- 
riegated pellicle  on  the  furface. 

(a)  By  quick  boiling  it  feparates  a ferruginous 
powder  ; let  this,  colle&ed  by  filtration,  and  a little 
roafted,  be  put  into  vinegar ; for  this  menftruum 
diffolves  the  earthy  parts,  leaving  the  dephlogifti- 
cated  iron  untouched. — Whatever  is  afterwards 

precipitated 
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precipitated  from  the  vinegar  by  an  alkali  is  no  o- 

ther  than  an  aerated  lime. 

(b)  During  the  whole  progrefs  of  evaporation, 
even  to  the  very  end,  a white  powder  is  conti- 
nually feparating,  which  may  be  obtained  from  the 
dry  refiuiuum  by  fufficient  wafhing  carefully  con- 
duced. This  generally  diffolves  in  vinegar,  with 
effervefcence,  and  is  found  to  poffefs  the  properties 
of  aerated  magnefia  ; but  fometimes  a part  remains 
untouched  ; this  is  gypfum,  and  rarely  amounts  to 
a grain  in  a kanne. 

(c)  The  water  with  which  the  refiduum  has 
been  walhed,  on  cryftallizing,  exhibits  the  mine- 
ral alkali,  mixed  with  a few  cubes  of  common 
fait.  This  alkali,  united  with  vitriolic  acid,  forms 
a genuine  Glauber’s  fait,  fometimes  intermixed 
with  a few  cryftals,  refembling  vitriolated  vegetable 
alkali 

( d)  The  experiments  hitherto  made  (hew,  that 
a kanne  of  Spa  water  contains, 

of  aerated  iron, 
of  aerated  lime, 
of  aerated  magnefia, 
of  cryftallized  mineral  alkali, 
of  common  fait, 


grains. 

3t 

20 

8± 
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The  aerial  fluid  colle&ed  rarely  amounts  to  45 
cubic  inches ; which  is  all  aerial  acid,  and  is  ab- 
forbed  by  water. — I found  not  any  pure  air,  and 
perhaps  it  could  not  long  exift  together  with  aera- 
ted iron,  as  the  pure  air  feizes  the  phlogifton,  and 
flies  OS'  with  it. 

§ ix.  Habitudes  of  Spa  Water  with  Preci- 

pitants. 

(a)  One  part  of  Spa  water  generally  reddens 
25  of  tin&ure  of  turnfole.  The  paper  tinged  by 
turnfole  is  rendered  of  a more  vivid  blue  ; that 
tinged  by  fernambucum  is  made  blue  ; but  paper 
coloured  by  turmeric  is  fcarcely  changed,  until 
the  water  has  been  a good  deal  reduced  by  eva- 
poration. 

(b)  A Angle  drop  of  tin&ure  of  galls  renders 
Spa  water  purple  ; and  phlogifticated  alkali  pro- 
duces, though  flowly,  Pruflian  blue. — Spa  water, 
after  boiling,  does  not  exhibit  the  fmalleft:  fign  of 
iron,  either  by  thefe  precipitants,  or  by  any  other 
method. 

(c)  Cauftic  fixed  alkali,  after  24  hours,  fepa- 
rates,  though  fparingly,  a white  calcareous  powder. 
The  cryltallized  alkali  has  no  other  effect  than  to 
deprive  the  water  of  its  pungent  flavour. 

(n)  Concentrated  acids  occafion  a great  quanti- 
ty of  bubbles. 


(e)  Saccharated, 
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( t ) Saccharated  vegetable  alkali,  as  alfo  acid 
of  fugar  alone,  precipitates  lime  but  fparingly. 

(b)  Salited  terra  ponderofa  very  rarely  fepa- 
rates  any  thing,  and  when  it  does,  it  is  very  {low- 
ly ; which  indicates  either  the  abfence  of  vitriolic 
acid,  or  that  its  quantity  is  extremely  fmall. 

(g)  Salited  lime,  after  24  hours,  is  precipitated 
by  the  fixed  alkali  of  the  water. 

(h)  Alum  depofits  its  earth. 

(1)  Solution  of  filver  throws  down  a fine  white 
powder. 

(k)  Solution  of  mercury,  made  without  heat, 
yields  a yellowifii  white  precipitate ; that  made 
with  heat  a brownifli  yellow. 

(l)  Corrofive  fublimate,  after  24  hours,  fepa- 
rates  a grey  powder,  which,  if  the  water  be  pre- 
vioufly  concentrated  by  evaporation,  is  of  a brown- 
jfli  yellow. 

(m)  Acetated  lead  forms  a white  precipitate. 

( n ) Martial  vitriol  yields  a white  powder,  which 
gradually  grows  yellow. 

§ x.  Specific  gravity  of  Spa  JVater. 

\ 

In  an  heat  of  150  the  fpecific  gravity  of  Spa 
water  is  1,0010,  hence  the  weight  of  one  kanne 
fhould  be  42,292  grains;  — but  the  water  of  the 
reliduum  is  about  14-I,  and  the  weight  of  45  cu- 
bic inches  of  atmofpheric  acid  = 22-h; — therefore 
42.292 — 42,250  -b  ^ir—  4-  22y  =.  5 ; which  is 
the  difference  fought. 

§ XI. 
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§ xi.  Analyfis  of  Pyrmont  IVater. 
Principles  collected  by  Evaporation. 

Pyrmont  water  poflfefles  a moft  agreeable  fuba- 
cefcent,  pungent  flavour,  not  unlike  that  of  Cham- 
paigne  wine,  but  at  the  fame  time  martial,  and  a 
little  bitterilh ; in  the  open  air,  it  contrads  a pel- 
licle like  the  Spa  water. 

(a)  During  ebullition  aerated  iron,  together 
with  aerated  lime,  is  feparated;  the  former  may 
be  eafily  feparated  from  the  latter,  by  means  of 
vinegar,  as  above  defcribed  (vm.  a). 

(b)  After  filtration,  let  the  evaporation  be  con- 
tinued to  drynefs ; let  the  refiduum,  waflied  with 
a fufficient  quantity  of  diftilled  water,  be  put  into 
vinegar  : the  part  thus  diffolved  fliews  the  proper- 
ties of  magnefia ; that  which  remains  untouched 
is  found  to  be  gypfum. 

(c)  The  water  with  which  the  refiduum  has 
been  wafhed,  being  evaporated,  exhibits  at  firfl: 
true  vitriolated  magnefia  \ but  towards  the  end, 
magnefia  mixed  with  common  fait,  which  may  in 
fome  degree  be  feparated  by  conduding  the  eva- 
poration very  flowly. 

(o)  All  the  ingredients  being  carefully  weigh- 
ed, there  are  found  in  each  kanne  of  Pyrmont 
water, 

grains* 
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of  aerated  iron 

grains. 

3t 

of  aerated  lime 

20 

of  vitriolated  lime 

3 

of  aerated  magnefia 

45 

of  vitriolated  magnefia 

25 

©f  common  fak 

7 

138J 

The  aerial  fluid  colledted  fometimes  amounts 
to  more  than  90  cubic  inches,  and  confifts  entire- 
ly of  aerial  acid  ; in  general,  however,  the  quan- 
tity of  aerial  acid  is  much  fmaller. 

i 

§ xii.  appearances  of  Pyrmont  Water  ’with 
Precipitants. 

; • ' ' ’ . \ ’ ' • v 

(a)  Pyrmont  water  communicates  a deeper  red 
tinge  to  tin&ure  of  turnfole  than  Spa  water  does. 
The  paper  ftained  by  turnfole  has  its  colour  height- 
ened ; that  with  fernambucum  grows  blue ; that 
with  turmeric  is  not  changed,  even  though  the 
water  has  been  much  evaporated. 

(b)  Tinfture  of  galls  and  phlogifticated  alkali 
foon  difeover  iron ; but  the  water,  after  boiling, 
{hews  no  figns  of  that  metal. 

(c)  A Angle  drop  of  cauftic  fixed  alkali,  throws 
down  a white  earth,  which,  on  examination,  ex- 
hibits the  qualities  of  magnefia. 

(d)  Con- 
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(d)  Concentrated  acids  occafion  an  effervef-  * 
cence. 

(e)  Acid  of  fugar  precipitates  lime  quickly  and 
copioully. 

(f)  Salited  terra  ponderofa  indicates  vitriolic 
acid,  for  a fpathum  ponderofum  precipitates. 

(g)  Salited  lime  occafions  a gypfeous  precipi- 
tate, which  after  24  hours  becomes  vifible. 

(h)  Alum  is  decompofed,  even  after  the  lime 
is  feparated ; this  effedl  is  therefore  produced  by 
the  aerated  magnefia. 

(1)  Solution  of  filver  occafions  a milky  turbid- 
nefs. 

(k)  Solution  of  mercury,  made  without  heat, 
occafions  a whitilh  yellow  precipitate  ; that  made 
with  heat,  exhibits  a more  copious  fediment,  of  a 
deeper  yellow ; in  both  cafes,  if  the  folution  be 
gently  dropped  in,  and  the  water  fuffered  to  (land 
quiet,  a white  cloud  is  fufpended  over  the  bottom 
of  the  velfel,  which  indicates  a falited  mercury. 

(l)  Corrofive  fublimate  after  24  hours  produ- 
ces an  ochry  precipitate,  foluble  in  vitriolic  acid  ; 
Pyrmont  water,  much  evaporated,  depofits  a white 
powder,  upon  the  addition  of  corrofive  fublimate. 

(m)  Acetated  lead  yields  a white  powder,  great 
part  of  which  refills  the  action  of  vinegar. 

(n)  Martial  vitriol  yields  at  once  a white  pre- 
cipitate, which  grows  yellow,  though  flowly. 


§ xrrr# 
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# xiii.  Specific  Gravity  of  Pyrmont  Water. 

The  fpecific  gravity  of  Pyrmont  water  is  found, 
in  a moderate  heat,  to  be  1,0024;  the  weight, 
therefore,  of  one  kanne  is  42,351  grains ; but  as 
the  water  of  the  refiduum  is  36^,  and  the  weight  of 
90  cubic  inches  of  atmofpheric  acid  is  45,  42,250 
_p.  45  = 5 ; the  difference  by  which 
the  weight  of  a kanne,  computed  by  its  fpecific 
gravity,  exceeds  the  weight  deduced  from  the 
quantity  of  heterogeneous  contents. 

^ xiv.  Comparifon  of  the  Waters  above  ex- 
amined. 

That  we  may  have,  in  one  fynoptical  view,  the 
contents  of  all  thefe  waters,  we  lhall  fet  the  whole 
in  order  in  the  following  Table. 


TABLE 


Specific  gravity,  — *—  — 1,0060  l 1,0027  I 1,0010  1,0024 


I 
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§ xv.  Conjecture  concerning  the  Way  in  which 
Nature  prepares  thefe  W aters. 

Among  the  waters  now  examined,  the  Seydf- 
chutz  contains  fcarcely  more  aerial  acid  than  com- 
mon fountain  water : to  account,  therefore,  for 
the  origin  of  this  water,  fuch  a fituation  of  its 
channels  as  may  conduct  it  through  ftrata  of  ae- 
rated lime,  &c.  is  fufficient ; and  thefe  ftrata  are 
found  in  many  places  ; the  water  paffing  through 
thefe  by  degrees  takes  up  the  quantity  which  is 
found  in  it  as  above. 

The  three  others  poffefs  fo  large  a quantity  of 
aerial  acid,  that  they  could  not  have  received  it 
from  the  atmofphere.  This  elaftic  vapour  is  a- 
bundantly  extricated  in  three  different  ways  (on 
Aerial  Acid,  §11.)  namely,  by  fermentation,  by 
fire,  and  by  the  action  ot  a more  powerful  acid  : 
the  firfl  of  thefe  can  fcarcely  be  fuppofed  to  take 
place  in  the  bowels  of  the  earth  ; but  I fee  no 
reafon  why  the  other  two  may  not  operate,  either 
jointly  or  feparately : — Thus  fubterranean  fire  ex- 
pels the  aerial  acid  from  calcareous  earth,  and 
ftill  more  readily  from  magnefia ; and  it  is  the 
more  readily  abforbed  by  the  water  which  it 
meets  with,  in  proportion  as  that  water  is  the 
more  divided  into  channels,  as  it  is  the  more  cold, 
and  the  more  comprelfed  by  the  fubtile  elaftic 
fluid.  Nor  is  the  third  method  attended  with  any 

VoL*  J*  R difficulty ; 
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difficulty ; for  although,  on  the  furface  of  the 
earth,  water  fcarcely  ever  contains  an  uncombi- 
ned mineral  acid,  yet  in  the  bofom  of  the  earth, 
the  vitriolic  acid  mud  be  often  fet  free  by  the  de- 
flagration of  fulphur ; . and  perhaps  the  marine 
acid  may  be  extricated  from  falited  lime  and  mag- 
nefia  by  fubterraneous  fire. — We  (hall  foon  fee 
the  effects  of  earthy  and  metallic  falts,  when  de- 
compofed  by  mineral  alkali  or  alkaline  earths. 

Let  us  firft  confider  the  Seltzer  water  ; and  be- 
gin by  enquiring  whether  it  owes  its  aerial  acid 
(which  is  the  chief  point  in  queftion,  the  other 
ingredients  being  found  in  the  bofom  of  the  earth) 
to  the  decompofition  of  middle  falts  by  an  alkali ; 
or  to  alkalis  dire&ly  diflolved  in  acids ; or,  finally, 
to  the  extrication  of  that  elaftic  fluid  by  fubterra- 
jieous  heat  alone. 

To  examine  the  firft  fuppofition,  let  us  fuppofe 
that  water  loaded  with  falited  lime  and  magnefia 
meets  with  an  aerated  alkali ; now  a kanne  of 
Seltzer  water  contains  1097  grains  of  common 
fait,  in  which  there  are  about  46  of  pure  mineral 
alkali ; and  thefe  require  about  37  of  aerial  acid  to 
faturate  them ; that  is,  74  cubic  inches,  becaufe 
each  cubic  inch  weighs  about  half  a grain : but 
45;  grains  of  pure  lime  may  be  precipitated  by 
that  quantity  of  alkaline  fait ; and  thefe  immediate- 
ly abforb  about  28  grains  of  aerial  acid.  In  the 
fame  manner,  by  an  equal  quantity,  upwards  of 
35  grains  of  pure  magnefi^  are  precipitated  5 and 
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this  quantity,  in  precipitating,  carries  along  with 
it  at  leaft  19^  grains  of  aerial  acid.  Making  a 
calculation,  therefore,  it  appears,  that  in  the  firft 
cafe  there  only  remain  to  faturate  the  water  37 — 
— 9 grains  = 1 8 cubic  inches  of  aerial  acid, 
which  is  not  fufficient  for  the  purpofe  (§  xiv); 
and  in  the  cafe  of  the  magnefia  37  — 19^-  = 17^ 
grains  = 35  cubic  inches  ; a quantity  far  too  fmall 
($  xiv).  The  common  fait,  therefore,  which  is 
prefent  in  Seltzer  water,  does  not  feem  to  origi- 
nate in  this  way,  fuppofing  that  the  water  at 
once  receives  the  60  cubic  inches  of  aerial  acid ; 
but  if  the  water  contains  fo  much  marine  acid  as 
is  fufficient  for  the  immediate  production  of  109 
grains  of  common  fait,  the  end  will  be  completely 
obtained,  as  all  the  74  cubic  inches  can  without 
diminution  be  applied  to  that  purpofe.  There  is  no 
doubt  but  this  may  take  place,  if  the  aerial  acid 
be  expelled  by  fire. — We  now  proceed  to  confider 
the  two  martial  waters. 

Pyrmont  water  contains  7 grains  of  common 
fait  in  a kanne ; which,  if  we  fuppofe  them  gene- 
rated from  falited  magnefia,  precipitated  by  mine- 
ral alkali,  will  give  fcarce  more  than  3 cubic 
inches  for  aerating  the  water.  The  vitriolated 
lime  and  magnefia  are  of  no  ufe  in  this  procefs, 
unlefs  generated  in  the  water  itfelf,  either  by 
means  of  a difengaged  vitriolic  acid,  or,  as  is 

more  probable,  by  the  decompofition  of  martial 
vitriol. 

| R 2 A 
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A kannt  of  Pyrmont  water  contains  384-  grains 
of  gypfum,  and  25  of  vitriolated  magnefia : tnefe 
two  talts  together  contain  about  as  much  vitriolic 
acid  as  67  grains  of  cryltallized  green  vitriol.  Let 
us  then  fuppofc,  that  water,  impregnated  with 
this  quantity  of  vitriol,  meets  with  20 ; grains  of 
aerated  lime,  and  about  1 1 grains  of  aerated  mag- 
nefia, and  the  above-mentioned  falts  will  appear ; 
and  during  this  operation  the  former  bafe  gives 
out  i6f  cubic  inches  of  aerial  acid,  and  the  latter 
6 ; but  22  \ cubic  inches  fcarce  amount  to  a fourth 
part  of  the  necellary  bulk,  even  adding  7,  which 
are  got  from  the  common  fait,  fuppofing  it  to  be 
generated  in  the  water  ; — a great  deficiency, 
therefore,  dill  remains,  fo  that  we  mud  try  ano- 
ther method. 

Let  us  fuppofe  a kanne  of  water  loaded  with 
-276  grains  of  vitriol  (which  is  by  no  means  extra- 
vagant, as  that  quantity  of  water  can  take  up  up- 
wards of  6,000  grains)  meets  with  235  grains  of 
aerated  lime;  in  this  cafe  not  only  100  cubic 
inches  of  aerial  acid  will  be  extricated,  but  enough 
of  the  iron  and  gypfum  will  be  dillolved  to  latu- 
rate  the  water.  1 hus,  then,  by  the  addition  of 
2 5 grains  of  vitriolated  magnefia,  we  have  a com- 
plete Pyrmont  water. 

It  is  otherwile  with  the  Spa  water — this  is  very 
poor  with  refpeft  to  the  quantity  of  faline  con- 
tents; and,  with  regard  to  the  nature  of  thefe 
falts,  is  l'uch,  as  to  require  a quantity  of  aerial 

acid. 
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acid,  that  has  been  extricated  externally  ; — in 
this  water,  befides  the  mineral  alkali,  lime,  mag- 
nefia,  and  iron,  (all  of  which  are  united  with  ae- 
rial acid),  there  is  nothing  contained,  except  a 
Angle  grain  of  common  fait — hence  it  is  plain, 
that  this  water  cannot  be  aerated,  either  by  the 
faturation  of  marine  acid,  or  by  the  decompofi- 
tion  of  middle  falts  in  the  water  itfelf.  Now,  in 
the  neighbourhood  of  Spa  there  are  no  veftiges 
of  fubterraneous  fire ; how  then  does  the  water 
acquire  the  aerial  acid  in  the  bofom  of  the  earth  ? 
We  firfl  obferve,  that  veftiges  of  fubterranean 
fire,  once  abundantly  manifeft,  are  by  lapfe  of 
time  often  fo  defaced,  as  to  be  fcarcely  difcern- 
ible  ; befides,  a degree  of  fubterraneous  fire,  fuf- 
ficient  to  extricate  this  fubtile  acid,  may  eafily 
exift,  without  producing  earthquakes  or  eruptions 
of  any  kind,  and  that  for  any  length  of  time, 
provided  the  caufes  be  fo  tempered  that  the  effects 
may  remain  the  fame ; neither  is  it  neceffary  that 
the  efficient  caufe  ffiould  be  in  the  neighbourhood* 
for  the  fuperficial  flrata  of  this  globe  are  perfora- 
ted in  alrnoft  every  dire&ion,  fo  that  the  elaflic 
fluid  may  come  through  a variety  of  channels,  from 
places  very  remote.  In  the  prefent  inflarice  it  ap- 
pears, that  the  aerial  acid  muff  have  paffed  through 
a length  of  way,  as  it  is  found  to  have  depofited 
all  its  heat ; but  martial  vitriol  alone,  diffolved  in 
water,  and  penetrating  flrata,  which  contain  ei- 
ther alkaline  falts,  lime,  or  inagnefia,  may,  by 

II  3 decom- 
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decompofltion,  extricate  a fufficient  quantity  of 
aerial  acid  ; which  being  conducted  to  a great  di- 
flance  from  the  place  of  its  origin,  may  be  fo  uni- 
ted with  water,  that  fuch  water  (hall  not  exhibit 
the  flighted:  marks  of  thofe  fubftances  which  con- 
tributed to  its  impregnation. 

I have  fometimes  found  a fmall  portion  of  gyp- 
fum  in  Spa  water,  in  the  quantity  of  about  one 
grain  to  a kanne ; but  how  can  this  be,  if  wc 
fuppofe  a difengaged  mineral  alkali  (or  rather  an 
alkali  only,  united  with  aerial  acid)  to  be  prefent, 
as  fuch  an  alkali  attracts  the  vitriolic  acid  more 
powerfully  than  lime  does  ? We  may  obferve 
fir  ft,  that  there  is  only  of  a grain  of  gypfum 
in  a cubic  inch  of  water ; and  of  the  mineral  al- 
kali, no  more  than  Vo  of  a grain  ; for  the  combi- 
nation of  mineral  alkali  and  aerial  acid  is  not  fpon- 
taneoufly  decompofed  : fubftances,  therefore, 

which  are  fo  thinly  fcattered  through  the  water, 
may  reafonably  be  fuppofed  to  ad  very  flowly  up- 
on each  other,  efpecially  as  the  alkali,  when  aera- 
ted, is  very  inadive.  An  example  will  fhew  how 
the  adivity  of  fubftances  is  reprefled  by  aerial 
acid: — let  vitriolated  magnefia  be  dilfolved  in 
water;  drop  in  a little  lime-water,  and  inftantly 
the  magnefia  falls  to  the  bottom,  having  yielded 
its  acid  to  the  lime  ; but  if  pieces  of  chalk  or  cal- 
careous fpar  be  put  into  the  folution,  no  decom- 
pofition  can  be  produced,  even  by  boiling : hence 

wc 
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we  fee  how,  in  Seydfchutz  water,  vitriolated  mag- 
nefia  may  exift,  together  with  aerated  lime. 

Befides,  mod  commonly,  there  is  no  gypfum 
found  in  Spa  water:  whether  this  happens  be- 
caufe  the  water  is  taken  from  different  fprings,  or 
whether  the  number  of  principles  is  not  always 
the  fame  in  the  lame  fpring,  I have  no  doubt  but 
that  the  proportion  of  the  ingredients  does  fre- 
quently vary,  and  l am  confirmed  in  this  opinion, 
by  experience,  and  the  nature  of  the  thing  itfelf. 

§ xvi.  Whether  the  Waters  above  examined 
be  imitable  by  Art. 

The  completion  of  any  analyfis  can  by  no  other 
means  be  fo  clearly  evinced  as  by  producing  fyn- 
thetically  a perfect  imitation  of  the  thing  analy- 
fed ; as  it  thence  appears  that  we  have  not  only 
difcovered  the  primary  principles,  but  alfo  the 
true  method  of  uniting  them.  We  are  now  to 
try  what  can  be  done  in  the  prefent  cafe.  From 
what  has  been  faid,  it  appears,  that  the  art  of 
preparing  medicated  waters  comprehends  two 
circumffances  of  moment ; firft,  it  is  requifite 
that  water,  pure,  and  totally  deftitute  of  every 
fort  of  tafte,  be  as  it  were  viyified  by  aerial  acid, 
which  conftitutes  the  genuine  mineral  fpirit  as  it 
is  called  j by  this  the  water  acquires  a grateful, 
fubtile,  penetrating  tafte,  together  with  fingular 
virtues ; but  the  efficacy  of  this  acid  muff;  be  fe- 
ll 4 conded 
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conded  by  other  groffer  fubftances,  which  deter- 
mine the  peculiar  nature  of  the  water ; fo  that 
one  {hall  refemble  Seltzer,  another  Spa,  and  a 
third  Fyrmont  water  ; — the  firft  of  thefe  differs 
m'uch  from  the  other  two  in  its  nature  and  pro- 
perties, nor  do  the  two  chalybeate  waters  altoge- 
ther agree.  It  is  not  therefore  fufficient,  for  the 
imitation  of  thefe  mineral  waters,  to  be  acquaint- 
ed with  the  method  of  impregnating  wrater  with 
aerial  acid  : the  principles  proper  to  each,  from 
whence  their  fpecific  virtue  and  efficacy  is  derived, 
mu  ft  alfo  be  accurately  underftood. 

Many  perfons  are  firmly  perfuaded,  that  in  the 
natural  production  of  medicated  waters,  there 
takes  place  a certain  degree  of  fermentation,  as 
they  are  pleated  to  call  it,  which  can  never  be  imi- 
tated by  art  : but  thofe  who  are  well  acquainted 
with  the  fubjeCt  are  of  a very  different  opinion. 
The  queflion  is  entirely  reducible  to  this,  viz.  to 
difcover  accurately  the  heterogeneous  contents  of 
thofe  waters,  and  to  unite  thofe  heterogeneous 
matters  with  pure  water.  It  can  be  of  little  con- 
fequence  whether  the  water  difperfed  through  the 
bowels  of  the  earth,  by  palling  through  certain 
ft  rata  extract  certain  materials,  or  whether  thofe 
very  materials  be  artificially  added  in  proper  quan- 
tity : — the  hand  that  fupplies  the  ingredients  can 
make  no  difference  in  the  refult. 
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§ xvii.  The  Method  of  Aerating  IV at er. 

The  moft  fimple  method  is  that  which  Venel 
has  employed,  and  I believe  is  the  lame  as  that 
frequently  employed  by  nature  for  the  fame  pur- 
pofe  (§  xvi.):  but  in  order  to  generate  in  water 
the  proper  neutral  or  middle  falts,  a more  labori- 
ous and  cautious  management  is  neceffary;  as  we 
are  not  in  poffefiion  of  an  eafy  and  commodious 
method  of  meafuring  either  the  ffrength  of  the 
menftrua,  or  the  quantities  neceffary  for  faturating 
them. — The  following  is  the  method  which  I at 
firft  employed : — - 

a b is  a glafs  veffel,  fomewhat  (fig.  ii.)  more 
than  half  filled  with  water,  and  chalk  coarfely  pow- 
dered ; the  tube  a c d is  fo  fitted  to  the  mouth 
of  the  bottle,  that  not  the  lead  air  can  efcape. 
The  tube  e,  in  the  fide  of  the  bottle,  is  accurate- 
ly clofed  by  the  ftopper  f,  as  foon  as  fome  drops 
of  vitriolic  acid  have  been  poured  in  : this  acid, 
as  foon  as  it  falls,  begins  to  expel  the  weaker  ae- 
rial acid  from  the  chalk ; which,  rifing  in  the  form 
of  an  elaftic  fluid,  is  conducted  by  the  tube  to  the 
bottom  of  the  water  in  the  veffel  g h : this  veffel 
is  chofen  long  and  narrow,  that  the  aerial  acid 
may  be  more  completely  abforbed  in  its  paffage 
through  the  water.  A wet  bladder  is  tied  round 
the  neck  of  the  bottle  g h,  and  the  tube,  fo  as  to 
confine  the  aerial  acid,  which  would  otherwife  e- 

fcape  : 
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fcape  : this  refinance,  however,  mud  not  be  too 
great,  as  in  that  cafe  no  aerial  acid  will  be  produ- 
ced, (on  Aerial  Acid,  § 1 1.).  The  efcape  of  the 
aerial  acid  may  therefore  be  regulated  by  a pin- 
hole in  the  bladder ; as  foon  as  the  effervefcence 
ceafes,  more  acid  is  to  be  poured  in,  through  the 
tube,  and  this  repeated  until  the  water  has  recei- 
ved the  proper  quantity  of  aerial  acid,  which  may 
be  determined  by  the  tafte,  or  more  accurately 
by  tin&ure  of  turnfole.  In  this  manner  1 firft  pre- 
pared aerated  water ; but  it  may  be  done  much 
more  commodioufly  by  the  funnel  o,  which,  ac- 
cording to  Mr  Lavoifier’s  method,  is  fo  Ihut  by 
the  glafs  rod  r,  that  the  vitriolic  acid  falls  down 
fpontaneoufly  and  gradually. — 1 fometimes  have 
employed  a fmall  fermenting  mafs  (fig.vii.  tab.  2.), 
and  that  with  the  btft  fuccefs ; but  after  l had 
learned,  from  the  writings  of  Dr  Prieftly,  the  ad- 
vantage arifing  from  agitating  the  water,  1 effected 
this  purpofe  in  two  more  eafy  ways. 

(a)  Fig.  iv.  will  explain  the  firft  of  thefe  me- 
thods better  than  any  verbal  defcription.  a b is 
a glafs  bottle,  fitted  with  a lateral  tube,  and  a 
glafs  ftopper ; in  this  bottle  an  effervefcence  is 
produced  by  means  of  chalk  and  vitriolic  acid  : 
e is  a common  glafs  bottle,  filled  with  the  pureft 
water,  and  then  (topped  by  a cork,  fo  clofely  that 
it  cannot  admit  any  air  ; it  is  then  inverted,  and 
fet  in  a groove,  cut  in  the  board  g f,  laid  acrofs 

the  velfel  h i,  filled  with  water  j the  cork  is  then 

taken 


OF  COLD  MEDICATED  WATERS.  267 


taken  out,  aud  the  aerial  acid  expelled  by  the  vi- 
triolic is  conducted  into  the  bottle  by  the  tube 
a c d : the  glafs  tube  l n o pafles  through  the 
cork  : p q.  is  alfo  made  of  glafs,  and  is  fitted  to 
the  former  by  the  intervention  of  the  tube  o p, 
which  is  made  of  elaftic  refin,  and  tied  to  both, 
(this  might  be  made  of  flexible  leather,  but  where 
the  fides  crofs,  it  mud  be  fewed  only  half  through, 
otherwife  the  air  will  efcape  through  the  holes 
made  by  the  needle)  : the  joint  o p is  made  flex- 
ible, that  the  bottle  a b may  be  fhaken,  by  which 
the  extrication  of  aerial  acid  is  much  expedited ; 
but  this  mull  be  done  gently,  left  fome  of  the 
chalk  fhould  enter  the  tube  a c,  and  mix  with  the 
wrater.  For  the  fame  reafon,  only  a fmall  quantity 
of  vitriolic  acid  is  to  be  added  at  one  time  ; for  if 
too  much  be  added,  fo  violent  an  effervefcence 
will  be  occafioned,  as  to  carry  over  into  the  tube 
a quantity  of  the  chalk  : it  is  neceflary  to  obferve, 
that  not  the  fmalleft  cranny  fliould  be  left  open  for 
the  efcape  of  aerial  acid;  therefore  the  ftopper  of 
the  lateral  tube  muft  be  clofely  fitted,  and  every 
part  about  the  neck  of  the  bottle  a b,  and  tube, 
completely  (hut  up  : the  extremity  q_  may  be  eafily 
put  in  and  taken  out  of  the  bottle,  by  the  forceps, 
fig.  vi. 

The  apparatus  being  prepared,  I impregnate 
the  water  in  the  following  manner  : — I fill  the 
bottle  fomewhat  more  than  half  with  aerial  acid; 
this  being  done,  I let  fall  to  the  bottom  of  the 

veflel 
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vefiel  the  faucer  k ; I then  cautioufly  remove  the 
bottle  from  the  groove  in  the  board,  keeping  its 
mouth  ftill  under  the  furface  of  the  water,  and 
Petting  its  mouth  upon  the  faucer  k,  I agitate  it 
violently  for  fome  minutes  : during  this  operation 
the  empty  fpace  in  the  bottle  diminifhes,  the  wa- 
ter, by  agitation,  prefenting  a larger  furface  of 
contact  to  the  aerial  acid,  which  is  therefore  more 
readily  abforbed  ; the  bottle,  however,  cannot  be 
entirely  filled  the  firft  time,  as  fome  portion  of 
common  air  remains,  which  will  not  unite  with 
water  ; I therefore  cork  the  bottle  under  the  fur- 
face  of  the  water,  turn  it  up,  and  fill  the  empty 
fpace  with  water ; 1 again  invert  the  bottle  in  the 
water,  half  fill  it  again  with  aerial  acid,  agitate  it 
as  before,  and  then  generally  obtain  it  full.  As 
the  water  expelled  from  the  bottle  is  diluted  with 
that  in  the  difh,  it  is  neceffarily  the  lefs  impregna- 
ted when  it  re-enters  the  bottle.  If,  therefore, 
the  water  is  to  be  faturated,  in  which  procefs  it 
takes  up  nearly  its  own  bulk,  (on  Aerial  Acid, 
iv.),  the  above-mentioned  operation  mud  be  re- 
peated a third  time ; and  hence  may  eafily  be  de- 
duced a method  of  impregnating  water  in  any  gi- 
ven leffer  proportion. 

It  is  in  general  to  be  obferved,  that  the  colder 
water  is,  the  more  aerial  acid  will  it  abforb  ; there^ 
fore  this  operation  fhould  be  performed  in  a cool 
place,  and  the  body  of  the  bottle  handled  as  little 
as  may  be. 
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I make  ufe  occafionally  of  bottles  of  different 
fizes,  generally  fuch  as  contain  hall  a kanne,  but 
fometimes  (for  expedition  fake)  thofe  of  2,  3,  or  4 
kannes ; but  the  larger  are  both  inconvenient,  on. 
account  of  their  weight,  and  are  liable  either  to  be 
broken  themfelves  or  to  break  the  faucer,  unlefs 
handled  with  caution. 

By  this  method  a bottle  of  water  may  be  fatu- 
rated  in  about  ten  minutes : if  the  bottle,  half 

filled  with  aerial  acid,  be  fuffered  to  (land  invert- 
ed upon  the  board,  the  water  will,  in  a cool  place, 
rife  fpontaneoufly  without  any  agitation  ; but  this 
will  happen  {lowly,  as  before  obferved. 

(b;  The  other  method  is  much  more  eafy,  and 
impregnates  a large  quantity  at  one  time,  but  is 
attended  with  this  inconvenience,  that  it  requires 
a very  large  fermenting  mafs : when  this  can  be 
had,  let  a veffel  be  prepared,  fimilar  to  that  in 
which  the  mafs  is  fet  to  ferment,  but  of  fmaller 
diameter,  fo  that  the  veffel  which  holds  the  fer- 
menting mafs  may  contain  it ; let  its  height  be  fo 
adjufted  to  the  empty  fpace  in  the  larger  veffel, 
that  when  the  bottom  of  the  leffer  touches  the  fer- 
menting mafs,  its  upper  edge  may  (land  three  or 
four  inches  at  leaft  beneath  the  upper  edge  of  the 
larger  veffel. 

In  the  middle  of  this  veffel,  let  an  axis  be  ere£t- 
ed  perpendicularly,  fo  that,  by  means  of  an  handle, 
it  may  be  turned  round  horizontally  ; let  there  be 
fattened  to  this  axis  three  or  four  wooden  plates, 

fome 
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fome  inches  broad,  at  feveral  diftances  from  the 
bottom ; thefe  mud  be  fliorter  than  the  diameter 
of  the  veifel,  with  the  plane  of  their  furfaces  in- 
clined to  the  horizon  in  an  angle  of  about  450. 
The  vefiel  being  then  filled  with  cold  water,  and 
fufpended  over  the  fermenting  mafs,  fo  as  nearly  to 
touch  its  furface,  let  the  axis  be  turned  round,  and 
it  will  give  a circular  motion  to  the  water  ; fo  that 
by  enlarging  and  continually  changing  the  furface, 
the  aerial  acid  is  very  quickly  abforbed  — Thus  a 
very  large  quantity  of  water  may  be  completely 
faturated  in  a fingle  minute. 

§ xviii.  Obfervations  concerning  the  Addition 
of  the  Salts. 

The  water  being  fufficiently  impregnated  with 
aerial  acid,  and  poured  into  bottles,  the  materials 
determining  the  particular  fpecies  are  next  to  be 
added  : what  thefe  are,  and  in  what  quantity  they 
are  to  be  employed,  will  appear  from  the  forego- 
ing analyfis.  The  mineral  alkali,  and  the  other 
falts,  fhould  be  chofen  pure  and  newly  cryftallized 
—the  earths  in  a cryltalline  form,  fully  faturated 
with  aerial  acid,  and  reduced  to  a very  fine  pow- 
der ; for  otherwife  they  diffolve  (lowly  : iron  is  to 
be  employed,  in  the  form  of  frefii  filings  tied  in 
a linen  cloth,  or  that  of  a plate  of  convenient 
form,  with  a finooth  and  poliflied  furface  : the 

•cloth  or  plate  is  to  be  fufpended  in  the  water,  to 
* >«  promote 
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promote  the  folution  ; the  bottle  is  then  to  be  well 
clofed,  inverted,  and  fet  in  a cool  place  for  fome 
days.  In  that  fpace  of  time  the  water  takes  up 
the  falts,  and,  by  means  of  the  aerial  acid,  not 
only  diffolves  the  lime,  but  alfo  a fmall  portion  of 
the  iron.  I know  that  the  celebrated  Monnet 
contends,  that  water  can,  by  itfelf,  take  up  iron  ; 
but  common  water  always  contains  fome  aerial 
acid  ; and  when  that  is  expelled,  not  the  fmalleft: 
particle  of  iron  is  taken  up  by  it,  except  that  fpe- 
cies  which,  when  red  hot,  is  (/ ) brittle,  as  fuch 
always  contains  fome  vitriolic  acid. 

The  fame  filings  will  ferve  repeatedly,  provided 
the  cloth,  when  taken  out  of  the  impregnated  wa- 
ter, be  plunged  into  cold  water,  and  fuffered  to 
remain  there  until  ufed  again  ; for  when  expofed 
to  the  air,  it  contra&s  ruft,  and  thereby  becomes 
infoluble  : for  the  fame  reafon,  the  furface  of  the 


(/")  Such  was  the  general  fuppofition  concerning  the 
caufe  of  this  fault  in  iron  : but  it  was  not  founded  on  any 
accurate  experiments  ; and  when  Profeffor  Bergman  came 
to  inveftigate  the  fubjeft  hirnftlf,  (de  Analyfi  Ferri,  $ vm.), 
he  could  difcover  no  veftiges  of  vitriolic  acid,  by  means  qf 
any  teft.  His  experiments  lead  him  to  impute  this  defeat 
to  fome  depravation  of  the  inflammable  principle.  Hot- 
ftiort  iron  ( calidum  fragile')  affords  inflammable  air,  which, 
when  fired,  (hews  phenomena  different  from  that  which  is 
obtained  from  other  iron  : it  has  a peculiar  fmell,  approach* 
ing  to  an  empyreuipa,  and,  when  forged,  emits  more 
fparks.  B. 
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plate  muft  be  polilhed  afrefti  as  often  as  it  lofes  its 
fplendour. 

By  the  method  juft  defcribed  waters  are  obtain- 
en,  agreeing  both  in  flavour  and  virtue  with  thofe 
brought  from  foreign  countries  ; but  as  fome  of 
the  fubftances  contained  are  juftly  efteemed  of  a 
fufpicious  nature,  1 am  of  opinion  that  they  ihould 
by  all  means  be  omitted : thefe  are  the  calcareous 
and  gypfeous  matters ; and  I am'  perfuaded  that 
no  perfon  will  imagine  that  chalk,  or  gypfum  can 
contribute  to  the  falubrity  of  waters ; but  that,  on 
the  contrary,  they  may  give  occafion  to  grievous 
obftru&ions.  The  Pyrmont  water  contains  thefe 
fubftances  in  confiderable  quantity,  and  for  that 
reafon  is  hurtful  to  many  conftitutions : for  twelve 
kannes  of  this  water  (which  is  the  quantity  ufually 
taken  in  twenty-four  days)  contain  half  an  ounce 
of  aerated  lime,  and  an  ounce  and  a half  of  gyp- 
fum— a load  which  few  ftomachs  are  able  to  bear. 

As  to  the  magnefia,  I do  not  indeed  confider 
it  as  noxious ; but  as  it  diflblves  flowly,  and  what- 
ever effe&  it  has  may  be  eaflly  fupplied  in  another 
way,  I omit  it ; efpecially  as  experience  fhews  that 
the  waters  thus  corre&ed  are  equal,  if  not  fupe- 
rior,  both  in  tafte  and  virtue,  to  the  natural  wa- 
ters.—1 generally  make  ufe  of  water  fully  impreg- 
nated with  aerial  acid. 

The  imported  waters  which  have  been  exami- 
ned have  no  doubt  fuffered  fome  change  during 
the  voyage.— The  experienced  Seip  relates,  that 
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a phlogifticated  vitriolic  acid,  and  a true  fulphur, 
may  be  extracted  from  the  vitriolated  magnefia  of 
Pyrmont  water,  by  diftillation,  without  any  addi- 
tion. In  order  to  obtain  half  a pound  of  this  vi- 
triolated magnefia  (which  is  neceffary  for  his  ex- 
periment) we  mult  evaporate  upwards  of  115 
kannes  of  the  water,  which  I have  never  had  an 
opportunity  of  doing  ; — 1 have,  however,  tried 
fmaller  quantities,  but  never  could  difcover  the 
fmalleft  particle  of  the  lubftances  he  mentions  . 
perhaps  the  magnefia  which  is  united  with  phlo- 
gifticatcd  vitriolic  acid  in  the  frelh  water,  lofes 
the  inflammable  principle  during  the  voyage ; fo 
that,  on  its  arrival  in  Sweden,  it  retains  little  or 
none  of  it ; in  the  fame  manner  as  the  fulphurated 
fait  of  Stahl  changes  by  time  into  vitriolated  vege- 
table alkali;  This  -ingenious  philofopher  (Seip) 
to  whom  the  aerial  acid  was  unknown,  contends, 
that  the  phlogifticated  vitriolic  acid  is  the  true  mi- 
neral fpirit ; that  it  adheres  to  the  iron  in  Pyrmont 
water  Until  expofed  to  the  air  ; and  that  then,  by 
means  of  a ftronger  ele&ive  attra&ion,  it  feizes  the 
magnefia,  which  it  was  not  able  to  do  in  the  clofe 
and  confined  fubterraneous  paflfages.— This  expla- 
nation, though  approved  of  by  many,  is  found,  up- 
on examination,  to  be  quite  contradi&ory  to  fa&j 
—for,  let  us  fuppofe  the  water  loaded  with  a 


quantity  of  vitriol  fufficient  to  generate  25  grains 
of  vitriolated  magnefia,  that  is,  containing  21 
grains  of  martial  vitriol  in  three  cubic  inches  of 
VoL* r*  S diftiUed 
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diftilled  water  ; let  this  water  be  put  into  a bottle 
of  fuch  a fize  that  it  will  be  quite  filled  by  the  ad- 
dition of  i o grains  and  an  half  of  magnefia,  and 
let  the  bottle  be  then  clofely  (topped ; let  this  bot- 
tle be  (haken  from  time  to  time,  the  magnefia  will 
quickly  difappear,  and  in  its  place  will  be  found 
a large  quantity  of  ochre,  of  a greenifh  colour,  as 
containing  both  aerial  acid  and  a confiderable  por- 
tion of  phlogilton  ; and  all  this  takes  place  with- 
out any  motion  or  effervefcence  : in  the  fpace  of 
about  an  hour  the  water  is  found  totally  void  of 
vitriol,  loaded  with  25  grains  of  variolated  mag- 
nefia, faturated  with  aerial  acid,  and  containing 
an  aerated  iron: — the  reafon  of  this  is  evident, 
10!  grains  of  magnefia  contain  about  3 cubic 
inches  of  aerial  acid,  which  an  equal  bulk  of  wa- 
ter is  able  to  abforb ; no  fuch  obftacle  therefore 
occurs  in  this  cafe,  much  lefs  in  a whole  kanne  of 
water,  as  I have  elfewhere  mentioned.  In  the 
fame  inftant,  then,  that  the  vitriolic  acid  expels 
the  aerial,  the  water  abforbs  it.  The  quantity  of 
vitriol  employed  contains  above  41  grains  of  iron 
(lightly  calcined ; now,  100  cubic  inches  of  aera- 
ted water  can  only  take  up  3 1 grains,  fo  that  3 cu- 
bic inches  of  water  can  fcarcely  diffolve  more 
than  The  bottle  being  opened,  the  vitrio- 

lated  magnefia  may  foon  be  feparated  by  alcohol ; 
and  this  is  the  cafe  in  Pyrmont  water  ; the  phlo- 
gifticated,  as  well  as  the  common  vitriolic  acid, 
feparates  the  aerial  acid  from  magnefia. — All  this 

hypothefis, 
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hypothefis,  therefore,  falls  to  the  ground,  being 
void  of  foundation  ; — and  Pyrmont  water,  expo- 
fed  to  the  air,  grows  turbid,  and  lofes  its  virtue, 
not  on  account  of  any  tranfpofition  of  its  princi- 
ples, but  on  account  of  the  departure  of  the  vo- 
latile menftruum. 

In  the  dry  way,  vitriolic  acid  with  phlogifton, 
generates  fulphur ; but  whence  can  fo  much  phlo- 
gifton be  joined  with  the  vitriolated  magnefia  in 
Pyrmont  water  ? — if  the  feparated  iron  (till  re- 
mains mixed  with  it,  the  difficulty  is  eafily  re- 
moved, as  this  metal,  when  (lightly  calcined,  (till 
retains  much  phlogifton  : if,  after  the  removal  of 
the  iron,  fulphur  is  produced,  the  caufe  of  this 
phenomenon,  being  obfcure,  fhould  be  examined 
in  the  country  where  the  water  is  produced. 

5 xix.  The  Preparation  of  artificial  medicated 
I'V atcrs  in  Sweden. 

In  the  year  1770,  being  attacked  by  a fevere 
hemorrhoidal  colic,  I was  obliged  to  take  above 
eighty  bottles  of  foreign  medicated  waters.  By 
thefe  the  fymptoms,  which  were  attended  with 
excruciating  pain,  were  fomewhat  mitigated;  in 
the  mean  time  I examined  the  nature  and  princi- 
ples of  thefe  waters  with  the  greateft  attention,  as 
I moft  earneftly  wifhed  to  be  able  to  imitate  them 
perfectly ; for  befides  their  extreme  dearnefs  in 
this  country,  in  the  beginning  of  fpring,  when 
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not  only  difeafes,  the  foundations  of  which  have 
been  laid  during  the  feverity  of  the  winter,  pre^ 
vail  very  much,  but  my  complaints  are  alfo  par- 
ticularly troublefome,  thefe  waters  cannot  be  had 
frefli  and  good  at  any  price. — I foon  reaped  the 
wiflied-for  fruit  of  my  labours,  for  in  the  year  fol~ 
lowing  I fubftituted  the  artificial  to  the  natural 
waters,  and  not  only  ufed  them  myfelf  with  fig- 
nal  advantage,  bttt  gave  them  to  many  of  my 
friends  with  the  like  fuccefs.  All  that  time  I ufed 
the  method  above  defcribed  for  impregnating  wa- 
ter with  fixed  air ; but,  in  the  year  1773,  I learn- 
ed Dr  Prieftly’s  method,  which,  with  a little  al- 
teration, I have  fince  continued  to  pra&ife. — 7 he 
fame  year,  in  a fhort  Treatife  on  the  Aerial  Acid, 
which  the  Royal  Academy  of  Sciences  at  Stock- 
holm inferted  in  their  Afts,  I mentioned  in  a cur- 
l'ory  way  that  I had  for  fome  time  prepared  for 
myfelf  and  fome  of  my  friends  artificial  medicated 
waters,  entirely  refembling  the  natural  waters, 
both  in  flavour  and  virtue. — The  celebrated  Baer, 
who  then  lived  at  Paris,  took  that  opportunity  of 
writing  to  my  friend  Mr  Wargentin,  requefting 
me  to  defcribe  the  method  I purfued. — This  I 
complied  with,  by  fending  a Treatife  on  that  fub- 
ject  to  the  Royal  Academy  of  Sciences  at  Stock- 
holm in  1774,  which  they  inferted  in  their  A£l$ 
for  the  following  year. 

From  the  very  nature  of  the  thing  it  inuft  be 
obvious,  that  an  invention  of  this  kind,  however 
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ufeful,  cannot  poffibly  be  univerfally  pleafing. — 
Many  who  are  incapable  of  afcertaining  or  judg- 
ing of  the  truth,  will  diftruft  it,  not  without  rea- 
fon,  on  account  of  its  novelty ; — many  contend, 
that  to  imitate  nature  is  impoflible,  without  con- 
fidering,  that  when  the  component  parts  are  tho- 
roughly known,  the  fuccefs  of  the  procefs  cannot 
in  any  degree  depend  upon  the  hand  which  com- 
bines them. — Some  who  prefcribe,  and  others 
who  fell  the  foreign  waters,  condemn  the  artificial, 
for  obvious  reafons  j and  not  a few  are  urged  by 
motives  too  trivial  to  be  detailed.  Befides,  the 
negligence  of  inexperienced  operators  or  impure 
materials,  may  eafily  defeat  the  whole  operation. 
The  water  itfelf,  if  it  has  any  offenfive  tafte,  will 
retain  it  after  the  procefs,  and  by  that  means  bring 
the  invention  into  difrepute.  Thofe  that  are  pre- 
pared in  the  very  bed:  manner,  nay,  the  natural 
waters  themfelves,  grow  vapid  on  the  addition  of 
a fmall  quantity  of  mineral  alkali,  though  they  flill 
retain  ufeful  properties,  only  the  pungency  of  the 
aerial  acid  is  in  this  cafe  repreffed. 

All  thefe  obflacles,  however,  have  not  prevent- 
ed the  preparation  and  fuccefsful  ufe  of  artificial 
medicated  waters,  even  in  the  moll  diflant  pro- 
vinces of  Sweden  ; and  the  ufe  of  fuch  waters  has 
prevailed  generally,  although  1 only  propofed  them 
•in  cafes  of  neceflity,  where  the  natural  waters 
could  not  be  had : and  even  thofe  who  at  fir  ft 
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could  not  patiently  hear  them  mentioned,  now 
make  ufe  of  them,  and  highly  commend  them. 

In  general  they  produce  the  fame  good  ef- 
fects as  the  natural  waters,  and  in  fome  inftan- 
ces  even  feem  to  excel  them : my  own  health, 
though  not  perfectly  eftablifhed,  has,  from  the 
foie  ufe  of  them,  been  reftored  beyond  expecta- 
tion. Every  year,  about  the  middle  of  winter, 
tne  beginning  of  fummer,  and  in  autumn,  I ufe 
about  feven  kannes  in  the'  fpace  of  three  weeks, 
and  that  in  the  following  manner : — 1 firft  drink  a 
few  kannes  of  Seltzer  water,  I then  ufe  the  Spa, 
which,  with  refpeCt  to  the  uncombined  alkali, 
moft  nearly  refembles  the  Seltzer,  and  I always 
finifh  with  the  Pyrmont ; I take  no  more  than  the 
third  part  of  a kanne  every  day,  as,  by  the  expe- 
rience of  feveral  years,  I have  found  that  a larger 
quantity  is  difagreeable  to  my  ftomach. 

I have  alfo  feen,  with  great  pleafure,  many 
other  complaints  either  entirely  removed,  or  at 
leaf!  alleviated,  by  thefe  means.  A circumftance, 
which  afforded  me  fingular  pleafure,  as  1 had  very 
anxioufly  wifhed  to  fucceed  in  this  experiment : — 
a boy  of  feven  years  old,  at  Upfal,  had  for  fome 
time  been  affiifted  by  a violent  gout,  which  had 
baffled  all  remedy  ; in  the  year  1 775,  he  ufed  for 
a month  the  Seltzer  water,  prepared  for  him  by 
his  father,  according  to  my  inftruClions,  and 
foon  recovered  perfeCl  health,  which  he  enjoys  to 
this  day. 

A 
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A young  gentleman,  a ftudent,  about  23  years 
old,  was  fo  afflicted  by  the  gout,  that  he  could 
not,  even  by  the  help  of  a ftick,  move  from  one 
feat  to  another : he  began  the  ufe  of  the  artificial 
waters,  firft  Seltzer,  then  Pyrmont,  and  recover- 
ed in  the  fpace  of  one  month. 

Befides,  the  intermittent  fevers,  which  for  fome 
time  paft  were  epidemic  in  Sweden,  were  fo  ob- 
flinate,  that  they  refufed  to  yield  either  to  Peru- 
vian bark,  or  the  other  ufual  remedies,  but  weie 
foon  removed  by  the  artificial  waters,  particularly 
Seltzer,  unlefs  the  cure  was  impeded  by  errors  in 
diet. 

I pafs  over  innumerable  other  examples,  which, 
indeed,  encreafe  daily,  and  would  require  a par- 
ticular defcription ; but  I cannot  avoid  here  men- 
tioning a fingular  phenomenon  : — the  hemor- 
rhoids, with  which  I am  affli&ed,  break  fponta- 
neoufly,  while  I am  in  health,  generally  every 
2oth  day,  but  only  difcharge  a few  drops ; they 
are,  however,  often  (topped,  efpecially  at  the  ap- 
proach of  cold  weather,  and  then  occafion  a num- 
ber of  diftreffing  fymptoms  : to  remedy  theie  I 
find  nothing  fo  effectual  as  drinking  the  artificial 
Seltzer  water ; and  in  the  courfe  of  eight  years, 
during  which  I have  been  ufing  it,  it  never 
failed  me  once ; the  effect  is,  to  open  the  he- 
morrhoids within  fix  days,  fometimes  on  the  third 
or  fourth,  upon  which  I immediately  find  relief. 
— I leave  to  the  fkilful  in  medicine  the  explanation 
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of  this  phenomenon,  which  I have  obferved  not 
only  in  myfelf,  but  in  many  others  affe&ed  in  the 
fame  way,  to  whom  I recommended  it  to  pay 
fome  attention  to  this  circumftance.  Now,  as 
the  fame  effeft  in  this  cafe  follows  the  ufe  of  the 
natural  and  the  artificial  Seltzer  water,  1 cannot 
doubt  of  their  identity,  any  more  than  pf  that  of 
the  others. 


DIS- 
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ARTIFICIAL  PREPARATION 


HOT  MEDICATED  WATERS. 


§ I.  Different  Species  of  Hot  Waters* 

HE  benign  care  of  our  All-wife  Creator  has 


not  only  provided  for  man’s  ufe  cold  medi- 
cated waters,  but  many  hot  medicinal  fprings 
are  found  in  various  parts  of  our  globe  ; and  as 
the  ufe  of  the  former  is  found  not  to  be  reltri&ed, 
but  extenfive  and  widely  diverfified,  fo  in  like 
manner  the  latter  are  endowed  with  a great  num« 
ber  of  ufcful  properties.  Some  of  thefe  hot  wa- 
ters feem  to  poflefs  no  remarkable  virtue  with  re- 
gard to  the  human  body,  while  others  quickly 
ddpel  a variety  of  difeafes  in  a very  fmgular  and 
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extraordinary  manner.  Water  does  not  feem  ca- 
pable of  producing  any  notable  effeft  upon  the 
. human  body  of  itfelf ; to  this  end  it  appears  in- 
difpenfably  neceffary  that  it  fhould  be  impregna- 
ted with  a certain  fubtile  and  elaftic  aura,  which, 
when  extricated  in  the  primas  vise,  is  not  only  of 
itfelf,  able  to  effeft  falutary  changes,  but  alfo  fo 
acuates,  ftrengthens,  and  as  it  were  vivifies  the 
heterogeneous  matters  contained  in  the  water,  that 
they  can  penetrate  to  parts  they  otherwife  could 
not  reach,  and  poffefs  powers  which  alone  they 
could  never  exert.  That  the  aerial  acid  performs 
this  office  in  the  cold  medicated  waters  is,  I ima- 
gine, eftablifhed  beyond  doubt  in  the  forego- 
ing Treatife ; — it  remains  now  to  be  examined, 
whether  the  fame  fluid  is  contained  in  the  hot 
waters,  or  whether  they  are  affifted  by  an  elaftic 
fluid  of  another  kind. 

When  we  examine  the  medicinal  hot  waters  in 
general,  we  find  a remarkable  difference  obvious 
to  the  fenfes : for  fome,  fuch  as  the  Caroline  baths 
in  Bohemia,  do  not  ftrike  the  fmell  in  any  parti- 
cular manner,  and  feem  not  to  exhale  any  thing 
more  than  a moift  and  fuffbeating  vapour  ; others, 
fuch  as  thofe  of  Aix,  difperfe  far  and  wide  a rnoft 
fubtile,  ungrateful,  foetid  odour,  refembling  that 
of  putrid  eggs,  or  more  exa&ly  that  which  is 
emitted  by  a folution  of  faline  hepar,  efpecially 
upon  the  addition  of  an  acid.  The  former  rnofl 
certainly  derive  their  efficacy  from  the  aerial  acids 
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and  are  therefore  juflly  called  aerated ; but  the 
latter  are  of  a very  different  nature,  and  may, 
from  their  hepatic  finell,  not  improperly  be  called  . 
hepatifated.  lhe  nature  and  properties  of  both 
mud  be  accurately  examined,  if  we  expedt  to  at- 
tain any  thing  like  exadtnefs  in  the  imitation  of 
them.  They  both  contain  a principle  fo  volatile 
that  they  lofe  their  chief  virtue  upon  barely  grow- 
ing cold  ; fo  that  by  no  means  yet  known  can 
they  be  tranfported  into  foreign  countries,  ftill  re- 
taining their  virtue.  This  circumftance  has  pre- 
vented me  from  examining  thefe  hot  waters  my- 
felf : but  fo  much  as  will  be  fufficient  for  our  pre- 
fent  purpofe  is  to  be  found  accurately  inveftigated, 
and  clearly  related,  by  the  induftry  of  others. 

§ 11.  Hot  Herated  Waters . 

That  the  Caroline  waters,  and  others  of  the 
fame  fort,  abound  with  aerial  acid,  may  be  in- 
ferred from  their  tafte,  and  the  quantity  of 
bubbles  which  is  occafioned  by  agitating  them : 
but  other  and  more  obvious  criteria  (hew  this  evi- 
dently to  be  the  cafe.  This  water  tinges  tindture 
of  turnfole  with  a fugitive  rednefs,  and  precipi- 
tates lime-water ; circumflances  which,  though 
hngly  ambiguous,  yet  jointly  are  perfectly  valid ; 
—-they  are  ambiguous  fmgly,  becaufe  it  is 
thought  that  other  acids,  befides  the  aerial,  may 
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occafion  a fugitive  rednefs  (a)  ; and  the  precipita- 
tion of  lime-water  is  alfo  occafioned  by  an  aerated 
alkali,  which  is  fuppofed,  according  to  the  laws 
of  attraction,  to  yield  its  aerial  acid  to  the  pure 
lime,  which  therefore  becomes  aerated,  and  ( b ) 
precipitates ; but  when  thefe  two  circumftances 
are  taken  together,  they  produce  full  conviction : 
for  the  aerated  alkali  (c)  cannot  exift  in  water  to- 
gether with  any  acid,  except  the  aerial ; befides, 
the  air  contained  in  thefe  waters,  when  collected, 
not  only  produces  the  above-mentioned  effects, 
but  alfo  fuffocates  animals,  and  is  abfbrbed  by 
water,  which  thence  becomes  aerated.  Indeed, 
the  whole  neighbourhood  of  thefe  waters  abounds 
fo  much  with  aerial  acid,  which  breaks  out  in 
many  places,  that  the  rain  and  fnow  water,  from 
lying  in  cavities  of  the  ground  for  a fliort  time, 
often  acquire  a grateful  pungent  acidity. 

Thefe  waters,  upon  cooling,  feparate  both 
lime  and  iron,  after  the  manner  of  Pyrmont  wa- 
ter, but  much  more  quickly.  We  cannot  won- 
der at  the  fugitive  nature  of  the  virtues  of  thefe 
waters,  when  we  confider  how  very  volatile  the 
aerial  acid  is,  even  when  lodged  in  cold  water, 
and  how  much  its  volatility  is  increafed  by  heat. 

The  exiftence  of  aerated  hot  waters  being  efta- 

(a)  On  Aerial  Acid,  § vi. 

(b)  Ibid.  § xx.  b. 

(<-)  Analyfis  of  Waters,  $ vm.  n,. 
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blilhed,  we  now  go  on  to  the  other  fpecies,  the 
elaftic  fluid  of  which,  though  eafily  diflipated,  yefe 
in  fixity  very  much  exceeds  the  aerial  acid. 

§ 1 1 r.  Hot  hepaiifated  IV aters. 

The  hot  hepatifated  waters,  although  they  may 
be  aerated,  and  actually  often  are  fo  (as  for  in- 
ftance  thofe  of  Aix)  may  yet  be  eafily  diftinguifh- 
ed  from  the  hot  aerated  waters,  by  the  general 
tenor  of  their  character,  and  their  difagreeabld 
fmell : they  have  the  fmell  of  hepar  fulphuris, 
and  blacken  filver,  nay,  a genuine  lulphur  is  de- 
pofited  along  the  channels  through  which  they 
pafs ; and  yet  the  moft  accurate  analyfis  has  not 
been  able  hitherto  to  difcover  in  the  water  the 
moft  minute  particle,  either  of  hepar  or  of  fulphur 
— but  chymiftry  is  able  to  unfold  this  myftery  : 
for  the  faline  hepar  fulphuris,  upon  the  addition 
of  a more  powerful  acid,  generates  a fpecies  of 
air,  which  we  may  call  hepatic  air,  if  with  Dr 
Prieftly  we  give  the  name  of  air  to  every  elaftic 
fluid  not  condenfible  by  cold.  Waters  impreg- 
nated with  this  kind  of  air  refemble  the  hot  hepa- 
tifated waters : the  hepatic  air,  it  is  true,  contains 
a fulphur,  but  fo  expanded  and  fubtilized  as  to 
cfcape  the  fight,  and  put  on  the  appearance  of 
common  air.  A change  fuch  as  this  can  only  be 
effe&ed  by  the  a&ion  of  agents  at  once  the  moft 
fubtile  and  the  moft  efficacious,  and  fuch  are 
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phlogifton  and  the  matter  of  heat.  I know  that 
many  philofophers  of  the  firft  rank  are  of  opinion, 
that  the  phsenomena  of  fire  and  heat  are  to  be 
explained  upon  the  fuppofition  of  inteftine  motion 
in  bodies ; but,  upon  confidering  the  whole  at- 
tentively, I am  firmly  perfuaded,  and  l believe  the 
fame  is  the  cafe  with  others,  that  heat  arifes  from 
the  aCtion  of  a diftinCt  and  peculiar  fubftance, 
which  is  diftributed  through  the  whole  corporeal 
world,  and  that  in  a twofold  Rate : for,  firft,  we 
confider  this  matter  as  free,  when,  in  form  of  an 
elaftic  fluid  continually  tending  to  an  equilibrium, 
it  pervades  all  bodies  denfe  as  well  as  rare,  d his, 
in  proportion  to  its  quantity,  excites  different  de- 
grees of  heat  in  animals,  dilates  and  difpofes  all 
bodies  to  fluidity,  according  to  certain  circum- 
ftances— ’thus  platina,  in  order  to  be  fufed,  re- 
quires it  very  highly  concentrated,  other  metals 
lefs  fo  ; and  mercury  a quantity  fo  fmall  that  it  is 
almoft  always  prefent  in  the  atmofphere  ; 1 fa\ , al- 
moft  always,  as  fome  late  obfervations  in  Siberia 
iliew  that  there  mercury  has  been  fometimes  con- 
gealed by  natural  cold  -.—whether  there  can  exift 
any  fuch  ftate  as  that  of  perfeft  privation  of  heat, 
or  abfolute  cold,  is  yet  unknown.  In  fuch  a ftate 
(fuppofing  any  fuch  to  exift)  if  I miftake  not,  the 
aerial  acid  itfelf  muft  be  congealed,  as  fluidity  ap- 
pears to  depend  totally  upon  heat. 

The  matter  of  heat,  like  all  other  material  fub- 

ftances,  is  fubietfed  to  the  law  of  attraction,  and 
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hence  proceeds  its  Rate  of  union  with  other  bo- 
dies, a Rate  which  inevitably  occafions  many  alte- 
rations in  its  nature  and  properties.  By  this  tie 
fome  of  its  properties  are  obfcured,  nay  entirely 
obliterated,  and  new  ones,  before  unknown,  are 
produced ; and  in  the  fame  manner  as  an  acid, 
when  faturated  with  an  alkali,  cannot  be  diftin- 
guifhed  either  by  precipitation,  by  its  tafte,  or  by 
any  other  of  its  original  properties,  fo  the  matter 
of  heat  lofes,  together  with  its  liberty,  its  chief 
property,  viz.  that  of  producing  fenfible  heat ; — 
this  power  muft,  however,  be  confidered  as  re- 
prefled  only,  not  deRroyed  ; for  it  is  again  refto- 
red  in  full  vigour,  when  the  bond  of  union  which 
repreffed  it  is  broken.  This  may  very  clearly  be 
illuRrated  by  the  example  of  water,  which  by  a 
moderate  privation  of  heat  is  converted  into  ice  : 
now,  if  water  heated  to  a determinate  degree 
be  poured  on  fnow,  we  can,  from  the  known  heat 
of  the  two  ingredients,  eafily  determine  what  that 
of  the  mixture  ought  to  be  ; but  in  the  prefent 
inRance,  a deficiency  is  always  obferved ; that  is, 
the  heat  of  the  mixture  proves  to  be  always  lefs  by 
about  7 20,  than  by  calculation  it  ought  to  be. 
The  reafon  feems  to  be  this  the  heat  of  the  wa- 
ter penetrates  the  fnow  quickly,  expands  and  fe- 
paiates  the  imall  particles,  and  changes  it  from  a 
folid  to  a fluid  form  : thus  the  difunited  particles 
have  their  furfaces  much  encreafed.  Now,  water 
attracts  the  matter  of  heat,  and  that  the  more 

largely 
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largely  in  proportion  to  the  furface  of  confa& ; 
and  fuch  parts  of  it  as  it  touches  very  clofely,  it 
powerfully  retains,  and  renders  latent,  fo  that  it 
can  no  longer  occafioti  fenfible  heat ; and  hence 
the  deficiency  of  7 2°.  This  faturating  portion  of 
heat  it  does  not  lofe,  except  at  the  very  point  of 
congelation  ; which  being  then  fet  free,  occafions 
a fmall  rife  of  the  thermometer,  although  it  is 
quickly  and  irregularly  attra&ed  on  account  of  thd 
deficiency  of  the  furrounding  matter.  As  the  de- 
gree of  cold  in  the  adjoining  air  increafes,  and  as, 
on  account  of  its  elaftic  nature,  it  conftantly  tends 
to  an  equilibrium,  it  at  length  is  fo  much  rarified* 
that  the  faturating  portion  alone  remains  to  pre- 
vent the  contact  of  the  watery  particles ; and  when 
that  alfo  is  taken  away,  all  the  mobility  of  the 
particles  totally  ceafes.  Undoubtedly  all  fubftan- 
ces  which  are  fufible  in  fire  fix  a certain  quantity 
of  heat  (the  degree  of  which  is  yet  undetermined) 
in  the  very  inftant  when  their  particles  acquire  the 
due  degree  of  mobility.  On  the  other  hand, 
while  the  temperature  of  the  water  is  increafing, 
the  increafed  quantity  of  heat  increafes  the  diftance 
of  the  minute  particles,  and  generates  elaftic  va- 
pours : at  length,  when  the  heat  arrives  to  the 
boiling  point,  the  watery  particles  are  fo  expanded 
and  changed,  that  their  furfaces,  being  wonder- 
fully increafed,  are  enabled  to  receive  and  fix  a far 
greater  quantity  of  heat  than  before  ■,  and  hence 

arifes 
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arifes  the  cold,  or  diminution  of  heat,  occafioned 
by  evaporation. 

Bodies  which  contain  the  matter  of  heat  fixed, 
when  put  into  menftrua  fitted  for  difiblving  them, 
generate  a degree  of  heat,  greater  or  lefs,  accor- 
ding to  the  quantity  of  latent  heat  fet  at  liberty  by 
the  more  powerful  attraction  of  the  menflruum. 
Lime,  newly  burned  and  put  into  water,  gene- 
rate?. a remarkable  degree  of  heat,  becauie  a great 
part  of  the  heat  which  had  been  fixed  by  the  cal- 
careous earth  is  fet  at  liberty  by  means  of  the  wa- 
ter, which  is  more  powerfully  attracted  by  it. 
That  portion  of  the  matter  of  heat  which  {till  re- 
mains in  flaked  lime  may  be  difengaged  by  an  a- 
cid;  and  hence,  from  an  equal  quantity  of  lime 
a greater  degree  of  heat  is  generated  with  acids 
than  with  water,  as  the  former  fet  the  whole  of 
the  matter  of  heat  at  liberty,  the  latter  only  a part. 
; — I have  fpoken  briefly,  and  in  a curfory  way,  of 
thefe  matters,  in  order  to  illuftrate  feveral  things 
in  the  foregoing  pages,  and  that  what  follows  may 
be  the  better  underltood.  We  do  not  here  confi- 
der  the  compofition  of  the  matter  of  heat ; it  is 
fufficient  for  us  that  it  may  be  fixed,  and  again  fet 
at  liberty. 

Let  us  now  return  to  the  hepatic  air,  which  con- 
fifls  of  fulphur  united  to  the  matter  of  heat  by 
means  of  phlogffton.  As  the  demonflration  of  this 
analyfis  occurs  hereafter,  I pafs  it  over  in  this 
place.  1 he  hepatic  air  is  decompofed  in  the  at- 
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mofphere  by  means  of  pure  air,  which  attra&s 
phlogifton  fo  greedily,  that  it  is  able  to  feparate  it 
from  the  nitrous  acid  itfelf : this  is  the  caufe  of 
the  fulphureous  crufts  which  are  to  be  feen  at 
Aix  ; for  the  connecting  medium  (the  phlogifton) 
being  feparated  above  the  furface  of  the  water,  the 
whole  compound  is  diffolved,  and  the  difengaged 
particles  of  fulphur  adhere  to  the  furrounding  bo- 
dies. 

Water  combines  with  this  hepatic  air,  and, 
when  impregnated  with  it,  poffeffes  the  genuine 
properties  of  hepatifated  waters,  as  readily  appears 
upon  comparifon.  But  in  order  to  difcover  how 
much  of  its  virtues  depend  upon  this  air  alone, 
and  how  much  upon  groffer  materials,  we  fhould 
examine  diftilled  water  faturated  with  hepatic  va- 
pour.— In  a moderate  heat,  a kanne  of  diftilled 
water  takes  up  about  fixty  cubic  inches  of  hepa- 
tic air,  which,  when  decomposed  by  nitrous  a- 
cid,  yield  eight  grains  of  fulphur  ; the  matter 
of  heat  which  remains  difengaged  among  the  par- 
ticles of  the  water,  is  more  and  more  dimi- 
nifhed. 

§ iv.  Diftilled  Water  faturated  with  hepatic 

Air . 

In  the  following  fe&ion  we  {hall  explain  how  wa- 
ter may  be  faturated  with  hepatic  air.  For  the  pre- 

fent. 
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font,  we  fuppofe  the  water  to  be  coolj  <*nd 
fat  u rated. 

( ■ ) It  has  a moft  offenfive  hepatic  finell,  when 
fet  in  a broad  open  veflel ; in  24  hours  it  blackens 
filver ; an  effcd  which,  as  the  vapour  is  diffipated 
in  this  cafe  but  flowly,  it  does  not  produce  in  lefs 
than  the  l'pace  of  fome  weeks,  when  fet  to  Rand 
in  an  open  bottle.  This  effedt  may  be  inltantly  re- 
prefled  by  nitrous  acid. 

The  tafte  is  ftrong,  fomewhat  fweetifh,  not  un- 
like that  of  putrid  eggs,  but  more  difagreeable. 

It  preferves  its  clearnefs  entirely,  if  the  water  be 
newly  diftilled,  fo  as  not  to  have  time  to  abforb 
aerial  acid  from  the  atmofphere. 

(b)  Tin&ure  and  paper  of  turnfole  grow  but 
little  red,  unlefs  the  water  be  impregnated  with 
walhed  hepatic  air. 

Paper  of  fernambucum  fuffers  no  change. 

(c)  No  change  is  occaiioned  by  acids,  unlefs 
fuch  as  poffefs  the  fingular  property  oi  attracting 
phlogilton,  even  in  water  ; one  of  thefe  is  tiie  ni- 
trous acid  highly  concentrated.— -When  this  is 
dropped  in,  the  linell  is  inltantly  lupprelfed,  the 
water  grows  turbid,  and  a white  fubtile  powder 
very  flowly  fubfides : this  powder,  collected  and 
dried,  is  iound  to  be  pure  genuine  fulphur.  The 
phlogilton  being  taken  away  by  the  acid,  the  bond 
ot  union  between  the  fulphur  and  the  matter  of 
heat  is  broken  j the  hepatic  air  is  therefore  de- 
compofed,  and  the  fulphur  appears  in  its  ordinary 
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form.  That  the  nitrous  acid  attracts  phlogifton* 
even  in  a liquid,  is  obvious  from  the  artifice  made 
ufe  of  by  fome  to  make  vitriolic  acid,  when  black, 
clear  again, — they  add  a fmall  quantity  of  nitre, 
which  is  fpeedily  decompofed,  and  the  colouring 
phlogifton  deftroyed  by  the  difengaged  nitrous 
acid. 

Upon  pouring  into  the  impregnated  water  a 
few  drops  of  nitrous  acid,  the  fetor  is  inftantly 
Itopped,  but  in  a few  minutes  it  again  returns ; 
and  this  happens  repeatedly  ; fo  that  a quadrant 
of  water  requires  200  drops  to  deftroy  completely 
all  its  hepatic  air.  When  the  water  contains  alfo 
a fixed  alkali,  the  acid  has  but  little  effect,  fo  long 
as  that  is  difengaged  ; but  after  it  is  faturated,  the 
hepatic  air  begins  to  be  decompofed  ; the  reafon  is 
clear  : — the  alkali  feizes  the  acid  as  foon  as  it  is 
dropped  in,  and  repreffes  its  activity ; hence  we 
eafily  fee  how  fulphur  may  be  precipitated  from 
the  Aix  waters,  which  no  one,  fo  far  as  I know. 


has  hitherto  effected. 

Acid  of  vitriol,  and  the  other  common  acids, 
have  no  effedt. 

Dephlogifticated  marine  acid  precipitates  the 


fulphur. 

(d)  Alkalis  caufe  no  change. 

(e)  Nitrated  filver  occaficms  a congrumation, 
which  foon  changes  to  a brown  colour.— In  this 
cafe  the  acid  and  the  metallic  bafe  feem  to  be  load- 
ed with  phlogifton,  by  which  they  are  both  ren- 
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dered  infoluble  : there  is  no  doubt  but  a fulphur 
alfo  adheres  to  the  metal. — Silver,  in  its  metallic 
ftate,  grows  black  in  this  water. 

(f)  Nitrated  mercury,  made  without  heat,  oc- 
cafions  a brown  precipitate  ; that  made  with  heat, 
a white  one.  The  difference  feems  to  arife  hence, 
that  in  the  latter  cafe  the  bafe  is  fo  far  dephlogifti- 
cated,  that  the  phlogifton  remaining  is  infufficient 
for  communicating  colour  to  the  precipitate  — 
Mercury,  in  its  metallic  Hate,  expofed  to  hepatic 
air,  grows  black,  like  filver. 

(g)  Corrofive  fublimate  is  alfo  precipitated  white, 
for  the  above-mentioned  reafon. 

(h)  Acetated  lead  is  precipitated  black. — Vi- 
negar does  not  promote  the  decompofition  of  he- 
patic air  : hence,  therefore,  appears  the  action  of 
the  metallic  bafe  alone ; — yet  polilhed  lead,  expo- 
led  to  hepatic  air,  does  not  grow  black,  but  only 
brown.  The  fame  is  true  of  iron  : copper  grows 
black ; but  tin,  bifmuth,  antimony,  and  zinc,  are 
not  changed. 

(1)  Solution  of  vitriol  of  zinc  occafions  a little 
turbidnefs,  and  yields  a white  fediment ; that  of 
copper  occafions  a yellowilh  brown  hue,  and  flow- 
ly  depofits  a fediment  of  the  fame  colour  ; that  of 
iron  grows  black  : — the  hepatic  fmell  is  foon  difli- 
pated,  if  the  proportion  of  the  liquors  be  properly 
adjufted. 

(k)  A grain  of  white  arfenic  put  into  the  water 
grows  yellow  by  degrees,  and  at  length  acquires 

T 3 the 


294  OF  THE  ARTIFICIAL  PREPARATION 

the  properties  of  orpiment.  Ihe  fame  thing  hap^ 
pens  to  a folution  of  arfenic  in  water. 

(l)  Hepatifated  water,  in  which  filings  of  iron 
have  been  kept  for  fome  days  in  a well-clofed  vef- 
fcl,  grows  purple  with  tintture  of  galls ; — if  the 
iron  be  diffolved  bv  an  acid,  the  colour  approaches 
more  to  violet.  This  is  the  reafon  why,  with  the 
fame  quantity  of  tintture  of  galls,  different  ap- 
pearances take  place  : befides,  we  mud  obferve, 
that  water  impregnated  with  iron  by  means  of  he- 
patic air,  is  not  at  all  rendered  turbid  by  phlogi- 
fticated  alkali ; and  if  a fmall  quantity  of  vitriol 
of  iron  be  afterwards  added,  this  produces  a fedi- 
ment  at  firfl  afh-coloured,  the  upper  furface  of 
which  grows  by  degrees  (but  very  flowly)  of  a 
pale  blue,  and  after  fome  days  grows  quite  black. 
If  hepatifated  martial  water  grows  immediately  blue 
on  the  addition  of  phlogiflicated  alkali,  this  is  a 
fure  fign  of  the  prefence  of  an  acid  menftruum. 
Thefe  circumftances  fhould  be  carefully  obferved 

in  the  examination  of  waters. 

• * . * ' * 

§ v.  Method  of  preparing  hot  medicated, 

JVatcrs. 

In  the  preparation  of  hot  medicated  waters, 
feveral  circumftances  are  to  be  attended  to  i 
Firft,  the  waters  rnuft  be  impregnated  w'ith  ela- 
ftic  fluid  ; then  the  groffer  materials,  which  dif- 
tinguifh  the  different  fpecies,  are  to  be  diffolved  j 
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and,  finally,  the  water  to  be  heated  without  any 
Iofs  of  its  virtue.  — We  (hall  fpeak  of  all  thefe  in 
order. 

(a)  The  elaftic  fluid  to  be  employed  is  either 
aerial  acid  or  hepatic  air,  according  as  the  water 
is  required  aerated  or  hepatifated.  The  former  is 
obtained  by  a procefs  already  fufficiently  defcri- 
bed  ; the  latter  is  had  in  the  fame  way,  with  the 
difference  of  a few  circumftances  now  to  be  men- 
tioned. 

In  the  place  of  chalk,  we  are  to  employ  an  lie- 
par  fulphuris,  made  of  equal  weights  of  fulphur 
and  pot-afhes  together,  and  melted  in  a crucible  : 
the  hepar  is  to  be  reduced  to  a powder  before  it 
is  put  into  the  veffel,  as  other  wife  the  faturating 
acid  will  generate  upon  the  furface  a vitriolated  ve- 
getable alkali,  which  is  not  foluble  in  a fmall  quan- 
tity of  water ; and  this  cruft,  furrounding  the  in- 
ternal parts,  will  prevent  the  acid  from  reaching 
them. — A mafs  made  of  three  parts  of  iron  filings 
melted,  with  two  of  fulphur,  anfwers  the  fame 
end,  even  better  than  the  former. 

An  inverted  bottle,  half-filled  with  water,  is  to 
be  fet  to  colled;  the  extricated  elaftic  fluid  : the 
water  cannot  take  up  fo  much  of  hepatic  air  as  it 
does  of  aerial  acid  ; — if  the  water  is  to  be  aerated 
at  the  fame  time,  4-  or  4-  of  chalk  may  be  added 
to  the  hepar.  When,  upon  agitating  the  bottle, 

the  hepatic  air  is  no  longer  diminifhed,  the  vyater  is 
faturated. 

T 4 
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The  vapour  being  extremely  offenfive,  and  un- 
friendly  to  refpiration,  the  operator  fhould  be  fo 
fituated,  that  a ftream  of  air  may  carry  off  the  no- 
xious vapour  from  him. 

(b)  If  particular  waters  are  to  be  imitated,  for 
inftance,  the  Caroline  or  the  Aix  waters  above 

• 1 

mentioned,  the  quantity  and  quality  of  their  feve- 
jral  contents  muft  be  determined.  The  Caroline 
waters  contain,  in  a kanne, 


grains. 

of  aerated  lime  - 24 

of  vitriolated  mineral  alkali  - 240 

of  fea-falt  - - 32 

of  dried  mineral  alkali  - 68 

f ‘j 

together  with  an  admixture  of  iron.  A kanne  of 
Aix  water,  taken  from  the  Emperor’s  bath,  con- 
tains, 

grains. 

of  aerated  lime,  - 27 

of  fea-falt,  - - 29 

of  mineral  alkali,  70 

It  is  only  the  aerated  lime  that  indicates  the  pre- 
fence  of  aerial  acid  in  the  Aix  waters. 

Thefe  heterogeneous  matters,  except  the  aerated 
lime  (which  ought  by  all  means  to  be  left  out)  are 
of  very  eafy  folution  ; they  need  not  therefore  be 

- added 


OF  HOT  MEDICATED  WATERS.  297 


added  to  the  water,  until  it  is  to  be  drank : the 
proper  quantities  of  thefe  may  be  put  into  the  vef- 
fel  out  of  which  the  water  is  to  be  drank,  and  are 
foon  taken  up  by  the  warm  fluid. 

If  any  one,  however,  infifls  upon  the  aerated 
lime,  the  water  muft  firft  be  faturated  with  aerial 
acid,  and  the  lime  diflolved  by  its  means,  in  the 
cold,  as  before  defcribed ; the  water  is  then  to  be 
impregnated  with  hepatic  air ; and  in  this  cafe 
fome  filings  of  iron  fliould  be  added : but  if  the 
lime  be  omitted,  the  filings  put  in  during  the 
warming  of  the  water  will  give  it  a fufficient  im- 
pregnation. 

(c)  In  order  to  make  the  aerated  or  hepatifated 
water  warm,  without  lofs  of  virtue,  we  muft  em- 
ploy a veflel  clofely  fliut,  fuch  as  Papin’s  digefter; 
—the  copper  ones  defcribed  by  Mr  Wilcke  are 
beft  fitted  for  this  purpofe  : one  of  thofe  Ihould  be 
taken,  which  can  juft  hold  the  requifite  quantity  of 
water  : the  aerated  or  hepatifated  water  being  put 
into  this,  and  well  clofed  up,  is  to  be  fufpended 
in  a common  pot  in  a water -bath  ; and  the  water 
in  the  greater  veflel,  being  gradually  heated, 
communicates  the  requifite  degree  of  heat  to  the 
digefter. 

Although  cold  aerated  water  is  highly  medicinal, 
as  experitnee  evinces ; and  although  the  fame  is  un- 
queftionably  true  of  cold  hepatifated  water  (§  vi.)j 
yet  it  is  very  probable  that  heat,  by  increafing 
jheir  volatility,  renders  them  more  fubtile  and 

penetrating. 
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penetrating,  and  of  confequence  more  efficacious 
in  certain  cafes.  We  are  not  yet  certain  what  de- 
gree of  heat  is  moft  effectual : the  Caroline  wa- 
ters raife  the  Swedifh  thermometer  to  730,  the 
Aix  waters  to  62  ; an  heat  which  appears  too 
great  for  internal  ufe,  as  the  hand  can  fcarcely 
bear  water  heated  to  50°  : but  this  queftion  is  not 
to  our  prefent  purpofe,  it  is  fufficient  that  the  wa- 
ter can  receive  the  ncccflary  degree  of  heat,  with- 
out lofs  of  virtue. 

The  faline  matters  {hould  not  be  put  into  the 
digefter,  as  many  of  them  a&  upon  the  metal,  but 
the  iron  may  fafely  be  ufed ; and  thus  it  commu- 
nicates a chalybeate  impregnation. 

That  a glafs  may  be  occafionally  filled  without 
the  lofs  of  any  of  the  volatile  parts,  a fmall  (topper 
muff  be  fitted  to  the  upper  part  of  the  digefter, 
by  opening  which  the  warm  water  may  be  poured 
out,  and  yet  the  mafs  remain  clofely  (hut  up. 

For  the  purpofes  of  bathing,  larger  quantities 
are  neceffary;  in  this  intention  the  Caroline  wa- 
ters (for  what  reafon  I know  not)  are  out  of  ufe. 
The  waters  of  Aix  are  often  employed ; and  a 
large  quantity  of  water  may  be  eafily  impregnated 
with  hepatic  air,  by  means  ot  a flexible  tube  con- 
veying the  air  to  the  bottom  ; and  this  opeiation 
may  without  inconvenience  be  continued,  even 
while  the  patient  fits  in  the  bath ; but  the  pro- 
cefs  (hould  be  fo  conducted  as  to  affedt  refpiration 
as  little  as  may  be. 
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§ yi,  appendix,  concerning  cold  hepatifated 

tVaters. 

Cold  martial  waters,  when  frefh,  almoft  always 
have  an  hepatic  fmell,  efpecially  when  a little  fha- 
ken  in  a clofed  bottle,  yet  in  general  the  impreg- 
nation is  fo  flight  that  it  goes  off  in  a few  mo- 
ments ; but  I have  lately  learned  that  the  hepatic 
impregnation,  in  fome  inftances,  is  more  com- 
plete. Mr  Alftroemerer  fent  me  1 2 kannes  of 
Medway  water,  requefting  me  to  examine  their 
contents.  Thefe  acidulous  waters  are  fituated  at 
Medway,  in  Oftro  Gothland,  and  have  been  ce- 
lebrated for  wonderful  cures,  from  the  molt  re- 
mote periods  of  time : the  celebrated  U.  Hierne 
difcovered  them  in  the  year  1 677,  from  which 
time  they  have  been  much  frequented  every  year, 
and  with  confiderable  advantage ; yet  their  true 
nature  and  properties  are  but  little  known.— The 
following  experiments  will  tend  to  throw  light  up- 
on this  fubjeft. 

This  water,  when  brought  to  Upfal,  is  found 
to  have  loft  its  volatile  principles,  but  Dr  P.  Dubb 
examined  it  at  the  very  fountain,  by  the  means 
above  defcribed  rrhe  obtained  from  every  kanne 
13  cubic  inches  of  an  elaftic  fluid,  which  diftin&iy 
reddened  tin&ure  of  turnfole,  and  therefore  un- 
doubtedly was  aerial  acid,  f hat  it  alfo  contains 
fome  hepatic  air,  will  clearly  appear  from  what 

follows  5 
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follows ; but  thefe  1 3 cubic  inches,  having  been 
collected  by  means  of  water,  do  not  indicate  the 
true  quantity  ; and  I doubt  not  but  that,  if  they 
had  been  collected  by  mercury,  they  would  amount 
to  30  at  leaft. 

In  the  Medway  water  there  cannot  be  any  pure 
air,  as  that  is  inconfiftent  with  a martial  folution ; 
but  the  hepatic  air  remained  in  the  refiduum  of 
104  kannes,  reduced  by  evaporation,  at  the  very 
fount,  to  nearly  2 quadrants : this  appears  mani- 
feftly,  for  the  bottle  in  which  the  liquid  refiduum 
was  put,  when  opened,  (truck  the  nofe  with  an 
ofFenfive  hepatic  odour ; and  a portion  of  this  li- 
quor, upon  the  addition  of  a few  drops  of  con- 
centrated nitrous  acid,  grew  white  and  turbid, 
and  in  24  hours  depofited  a very  fubtile  fulphu- 
reous  powder : — in  this  cafe  then,  we  have  a cold 
hepatifated  water,  which  retains  that  fetid  princi- 
ple fo  tenacioufly,  that  notwithftanding  continued 
boiling,  and  the  agitation  of  a long  journey,  it 
yet  retained  a confiderable  portion  of  the  volatile 
aura. 

In  order  to  difcover  the  fixed  principles,  I firfl 
employed  precipitants ; but  I mu(t  obferve,  that 
the  water  fent  to  me  was  fomewhat  yellow,  very 
faintly  indeed,  yet  fenfibly  fo,  efpecially  when 
compared  with  common  water  1 in  the  liquid  re- 
fiduum, that  colour  was  more  confpicuous,  and 
the  refiduum  itfelf  nearly  turbid, 

In 
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in  tafte  and  fmell  it  refembled  pure  water,  but 
the  liquid  refiduum  gave  flight  tokens  of  iron  and 
of  an  hepar. 

Papers  tinged  with  turnfole  or  Brazil  wood  dis- 
covered nothing ; hence  it  would  appear  that  there 
is  no  prevalence  either  of  acid  or  alkali. 

Phlogifticated  alkali  caufed  no  change  either 
in  the  water  or  in  the  liquid  refiduuin ; and  this 
was  the  cafe  at  the  very  fountain  (§  iv.  l). 

Tincture  of  galls  alfo  had  no  effedt  on  the  wa- 
ter, but  with  the  refiduum  formed  a dilute  purple 
colour,  which  yet  was  fomewhat  changed  by  the 
yellowifh  brown  of  the  water  itfelf. 

Acid  of  fugar  did  not  occafion  a turbidnefs  in 
the  water,  until  after  the  fpace  of  24  hours ; but 
with  the  refiduum  immediately  formed  a faccha- 
rated  lime. 

Aerated  fixed  alkali  does  not  make  the  water 
turbid,  but  it  inftantly  acts  upon  the  refiduum  j 
the  precipitate  was  white,  and  of  a calcareous  na« 
ture. 

Sahted  terra  ponderofa  did  not  precipitate  any 
thing,  even  in  the  refiduum  ; there  is  of  courfe 
no  vitriolic  acid  prefent. 

A frnall  piece  of  alum  was  decompofed  after 
fome  hours,  which  is  no  doubt  occafioned  by  a 
falited  lime,  mixed  with  the  alum— Hepatic  air 
does  not  aft  at  all  upon  folution  of  pure  alum. 

A folution  of  nitrated  filver  renders  the  water 
fomewhat  turbid ; but  in  the  refiduum  it  occafions 
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a complete  milkinefs,  tinged  lightly  brown  by  the 
hepatic  air ; — there  is  prefent,  therefore,  a marine 
acid. 

Nitrated  mercury,  prepared  without  heat,  as 
alfo  acetated  lead,  exhibit  the  very  fame  appear- 
ances as  nitrated  filver. 

Corrofive  fublimate  has  no  effeft. 

Thefe  experiments  detect  nothing  but  a fmall 
portion  of  falited  lime,  except  the  admixture  of 
iron,  which  the  tin&ure  of  galls  fhews. 

I evaporated  half  a quadrant  of  the  liquid  refi- 
duum  to  drynefs,  but  found  only  5 grains  of  a 
brown  powder,  which  grew  a little  moift  in  the 
air,  yet  only  a grain  or  two  of  it  was  foluble  in 
water ; fo  that  the  greateft  part  of  this  was  a cal- 
cined iron.  Water  poured  upon  the  dry  refiduum 
grows  brown,  an  appearance  occafioned  by  a mu- 
cilaginous extract ; for,  evaporating  again  to  dry- 
nefs, it  exhibits  a brown  matter,  which  grows 
white  by  burning.  Since,  then,  ioi  kannes 
yielded  two  quadrants  of  this  liquid  refiduum,  it 
appears,  that  we  Ihould  allow  about  two  grains  to 
each  kanne  *,  for  the  falited  lime  amounts  Scarcely 
to  half  a grain : I have  alfo  obferved  a few  par- 
ticles of  fea-falt. 

The  dry  refiduum  which,  according  to  Dr 
Dubb’s  experiments,  is  obtained  from  each 
kanne  by  boiling  for  an  hour,  weighs  2,75  grains, 
which  feems  to  be  purely  martial j and  it  is  to  be 
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Subftances  contained  in  the  Pint,  Winchefter  Meafure,  containing  35,25  Cubic  Inches. 


Phyfical  Qualities. 


NAMES  of  the  WATERS. 


Tempe- 

rature. 


Difhlled  Water,  — 


Snow  Water,  — 


Sea  Water,  at  the  Depth  of  60  Fathom, 


2 

”3 

o 


|'  Seydfchutz,  — 


"2  I Seltzer,  — — 


| sPa> 


t Pyrmont,  — 


u ( 

w -O  *•§  ) 

d e 2 


Medway,  — 


I 1 


Aix  la  Chapelle, 


^ Caroline,  — 


Weight. 


Grains. 
89Z3. 8961 


Specific 

Gravity. 


1. 0000 


8914.7884 


9I93-7956  1.0189 


1. 0001 


8977-4393 


141 


164° 


8948.990? 


8931.8199 


8950.1335 


I.0060 


1.0017 


1. 0010 


I.0014 


Cubic  Inches. 


Pure 

Air. 


Aerial 

Acid. 


Hepatic 

Air. 


0.4356 


0.1178 


0.8711 


13.068 


9.801 

19.601 


6-534 


8.711 


13.068 


— i 13.068 


Grains. 

S' 


Aerated 

Lime. 


Aerated  | Aerated 
Magnefia  Min.Alk. 


0.9801 


$*38114 


1-8513 


4-356 


5.9806 


5.1171 


1.7215 


6.3251 


5.1171 


4.356 

9.801 


1-8513 


Aerated 

Iron. 


0.70785 


0.70785 


15.146 


14.8104 


Sulphur. 


0.91565 


1.7424 


Vitrio- 

lated 

Lime. 


Vitrio- 
lated 
Magnefia 


9.801 

5.336 


8.3853 


1.7424 


Vitrio- 

lated 

Min.Alk. 


187.0991 


5'445 


52.272 


Salited 

Lime. 


Salited 

Magnefia 


0.1089 


81.7640 


4-73714 


Salited 

Min.Alk. 
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I3-7491 

0.1178 

1.5146 


6.1162 
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obferved,  that  part  of  it  is  magnetical; — this  pro- 
perty is,  beyond  doubt,  communicated  by  the  he- 
patic air. 

We  conclude,  therefore,  that  a kanne  of  frefh 


Medway  water  contains. 

grains. 

of  iron,  partly  diffolved  in  hepatic  air. 

and  partly  in  aerial  acid, 

of  falited  lime,  - 

1 

v 

4t 


cubic  inches. 

of  aerial  acid,  nearly  - 30 

of  hepatic  air,  at  leaft  - 40 

The  fea-falt  and  mucilaginous  extract,  are  of 
fo  little  weight,  that  they  may  in  this  computation 
be  negle&ed. 

This  water  muft  neceflarily  be  very  efficacious : 
for,  1 ft,  it  contains  united  two  principles,  one  of 
which  gives  virtue  to  the  hot,  the  other  to  the 
cold  medicated  waters  : 2d,  it  contains  nothing 
noxious. — We  know  that  many  waters,  even  the 
fo  much  celebrated  Pyrmont,  are  loaded  with 
aerated  lime  and  gypfum,  fubftances  which  are 
by  no  means  friendly  to  theJiuman  fyftem  ; and 
the  experience  of  a wl^Iecentury  abundantly 

dPhfirms 
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confirms  this  opinion  of  the  virtue  of  the  Medway 
■waters,  which  we  have  deduced  from  anal) iis. 

How  this  water  may  be  imitated,  is  ealily  feeR 
from  what  has  been  already  faid* 
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DISSERTATION  VIII. 


OF  THE 


ACID  of  SUGAR. 


§ i.  Method  of  obtaining  the  Acid  of  Sugar 
in  a feparate  State. 

f 

SUGAR  being  juftly  considered  as  an  effentiai 
fait,  it  will  readily  be  granted,  that  it  con- 
tains an  acid; — this  acid  may  be  feparated,  and 
exhibited  in  a cryftalline  form,  by  the  following 
procefs : — 

(a)  Let  one  ounce  of  the  purefl  fugar,  in  pow- 
der, be  mixed,  in  a tubulated  retort,  with  three 
ounces  of  Strong  nitrous  acid,  whofe  fpecific  gravi- 
ty is  nearly  i,  567. 

(b)  When  the  folution  is  completed,  and  the 
moft  phlogifticated  part  of  the  nitrous  acid  has 
tlown  off,  let  a receiver  be  luted  on,  and  the  fo- 
1 0L'J  • U lutiop 
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Iution  gently  boiled  ; — in  this  procefs  an  immenfe 
quantity  of  nitrous  air  is  difcharged  (rt). 

(c)  When  the  liquor  acquires  a dark  brown 
colour,  let  three  ounces  more  of  nitrous  acid  be 
poured  on,  and  the  boiling  continued  until  the 
coloured  and  fmoking  acid  has  entirely  difappear- 
ed. 

(d)  Let  the  liquor  in  the  receiver  be  then 
poured  into  a larger  veflel ; and,  upon  cooling, 
fmall  quadrilateral  prifmatic  cryltals  are  found  ad- 
hering together  at  an  angle  generally  of  about 
45'1 : thefe,  colleded  and  dried  on  bibulous  pa- 
per, weigh  109  grains. 

(e)  The  remaining  lixivium,  boiled  again  in 
the  fame  retorts  with  two  ounces  of  nitrous  acid 
until  the  red  vapours  begin  to  difappear,  upon 
cooling,  as  before,  affords  43  grains  of  faline  aci- 
c ill  as. 

(f)  If  to  the  vifcid  glutinous  liquor  which  re- 
mains, there  be  added,  at  different  times,  fmall 
quantities  of  nitrous  acid,  amounting  in  all  to  two 
ounces  ; by  boiling,  and  evaporating  to  drynefs, 
a faline  mafs  is  at  length  formed,  brown,  gluti- 
nous, and  deliquefcent,  which,  when  perfed- 


( a ) In  order  to  procure  this  acid,  common  aqua  fortis 
will  ferve  juft  as  well  as  the  ftrongeft  nitrous  acid ; and 
any  glafs,  thin  enough  to  bear  a moderate  heat,  will  do 
juft  as  well  as  a retort*  Nothing  can  be  more  eafy  than 
the  procefs  for  obtaining  the  acid  of  fugar.  B. 
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ly  dried,  weighs  half  a drachm ; but  in  depura- 
tion nearly  half  of  this  weight  is  loft. 

(g)  The  cryftals  obtained  in  the  manner  above 
defcribed,  are  to  be  depurated  by  repeated  folu? 
tion  and  cryftallization,  an  operation  which  is 
particularly  neceffary  to  the  portion  got,  as  de? 
fcribed  in  f.  The  laft  lixivium  f,  digefted  with 
nitrous  acid,  and  evaporated  to  drynefs  by  the 
fun’s  heat,  exhibits  prifms  fimilar  to  thofe  men- 
tioned in  d and  e ; fo  that  this  affords  a method 
of  abridging  the  number  of  depurations, 

(h)  To  obtain,  therefore,  one  part  of  this  fait, 
there  are  required  3 qf  fugar,  and  30  of  nitrous 
acid  ; fo  that  it  may  be  reckoned  among  the  moft 
gxpenfive  falts  hitherto  known.  It  muft  be  partir 
cularly  obferved,  that  a much  fmaller  quantity  of 
cryftals  will  be  obtained,  if  the  boiling  be  conti- 
nued ever  fo  little  beyond  the  proper  time. 

(1)  The  acid  thus  obtained  I call  acid  of  fu- 
gar ; not  becaufe  it  is  procurable  from  that  fub- 
ftance  only,  but  becgaife  fugar  affords  it  more 
pure,  and  in  greater  quantity,  than  any  other 
matter  hitherto  tried.  T.hu$  100  parts  of  gum 
arabic,  treated  as  above,  with  900  of  nitrous 
acid,  at  the  beginning  of  the  boiling  foam  violent- 
ly, and  upon  cooling,  yield  fcarce  more  than  2 r 
of  faccharine  acid,  prifmatically  cryftallized  ; but 
:.t  the  fame  time  the  folution,  even  to  the  laft,  fe, 
parates  a faccharated  lime  (§  vi),  which,  when 
toL-efted,  weighs  11,  and  contains  about  c of 

V 2 
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the  acid  of  fugar : 8 parts  of  highly  re&ified  fpirit 
of  wine,  with  24  of  nitrous  acid,  yield  3 of 
faccharine  acid,  but  for  the  mofl  part  in  a fqua- 
mous  form,  and  loaded  with  much  moifture ; be- 
fides,  honey,  and  whatever  fubltance  contains  fu- 
gar, in  the  fame  way  produces  the  fame  acid ; 
and  although  acid  of  tartar,  diffolved  and  boiled 
in  nitrous  acid,  in  the  fame  manner,  yields  a fait 
fomewhat  fimilar  to  this,  both  in  tafte  and  fqua- 
mous  cryftallization,  yet  it  is  of  a whiter  colour  5 
and,  befides,  is  unchangeable  in  the  fire,  yielding 
only  a coal  as  before. 

In  another  Differtation  it  will  be  (hewn,  that 
the  acid  of  fugar  occurs  alfo  in  the  animal  king- 
dom ; and  that  it,  together  with  a gluten,  con-t 
flitutes  the  calculi  of  the  kidnies  and  bladder  (£). 

§ II.  Properties  ‘tuhich  the  Acid  of  Sugar  pof 
Jejfes  in  common  with  other  Acids. 

This  fait  poflefies  many  properties,  fome  pe- 
culiar to  itfelf,  fome  common  to  it  with  the  other 

(3)  This  has  not  yet  been  made  to  appear ; and  it  is 
certain  that  this  acid,  if  it  be  prefent  at  all,  is  not  the 
only  one  contained  in  calculi,  for  phofphorus  has  been  ob- 
tained from  them  by  diitillation  with  inflammable  fub- 

flances.  The  acid  of  fugar  is  prefent  in  a vaft  variety  of 
different  animal  and  vegetable  fubftances  ; it  exifts  in  great 

quantities  in  gall-nuts  and  wool ; at  leaf!  it  is  obtained 

from  them,  when  treated  with  nitrous  acid.  Mr  Morveau 

conic&ures  plauflbly,  that  it  has  for  its  bafis  a fubtile  oil. 

acids* 
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acids,  though  differing  more  or  lefs  in  degree : 
and  thefe  we  are  now  to  confider. 

v 

(a)  Hie  crydals  have  an  exceeding  pungent 
tade; — but  a folution  of  thefe,  when  diffidently 
diluted,  excites  a very  agreeable  fenfation  on  the 
tongue.  Twenty  grains  communicate  a fenfible 
acidity  to  a kanne  of  water. 

(b)  It  makes  red  ail  the  blue  vegetable  juices, 
except  that  of  indigo  A Tingle  grain,  diffolvedr 
in  four  ounces  of  water,  indantly  makes  red  the 
blue  paper  ufed  for  covering  fugar-loaves,  which 
is  not  affe&ed  by  the  weaker  acids ; and  1 2 grains, 
dilfolved  in  a kanne  of  water,  produce  the  fame 
effedt  upon  paper  tinged  with  turnfole. 

(c)  It  attacks  alkalis,  earths,  and  fundry  me- 
tals, and  diffolves  them  with  effervefcence,  if  they 
be  united  with  aerial  acid,  'l  hefe  combinations, 
which  ferve  to  didinguWh  this  evidently  from  all 
other  acids,  will  be  defcribed  in  § hi. — xxiv. 

(d)  Diddled  water,  when  boiling,  diffolves  its 
own  weight  of  the  crydals.  In  an  heat  of  150, 
it  diffolves  only  half  that  quantity  ; and,  although 
the  folution  appears  at  fird  a little  turbid,  it  foori 
recovers  a perfect  tranfparency : the  fpecific  gra- 
vity of  this  lad  folution,  when  faturated,  is 
i5°593-  The  vapours  which  break  forth  during 
the  boiling  of  the  former  folution  do  not  contain 
any  acid ; and  the  liquor,  as  it  grows  gradually 
cold,  depofits  a great  quantity  of  crydals,  many 
of  which  exhibit  prifms  diverging  from  a point. 

U 3 Each 
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Each  of  thefe  has  four  Tides  obliquely  fituated,  as 
in  the  fpar  ; the  alternate  fides  narrower,  of 
■which  two  quadrilateral  planes,  generally  unequal, 
meet  together  like  a roof,  conftituting  an  apex  at 
one  or  both  extremities.  Sometimes  the  prifms 
occur  fo  ftiort  as  entirely  to  refemble  the  fpathace- 
ous  cubes,  with  acute  angles,  truncated  in  a pa- 
rallel direction  ; fo  that  hence  we  may  eafily  judge 
of  their  primitive  form. 

Sometimes  the  prifm  is  rectangular,  and  the 
planes  of  the  apex  equal : the  figure  of  the  apex 
too  is  varied  by  planes  rifing  from  the  angles  of 
the  prifms.  If,  during  the  depofition,  the  veffel 
be  ftirred,  or  if  the  quantity  of  diffolved  matter  be 
infufficient,  the  prifms  become  irregular,  and 
truncated,  with  five  or  fix  fides. 

(e)  Thefe  cryftals  do  not  refufe  to  unite  with 
other  acids.  Concentrated  vitriolic  acid,  feizing 
the  oily  matter,  grows  brown  ; and,  in  the  end; 
totally  confumes  the  cryftals,  efpecially  on  boil- 
ing ; but  when  diluted,  although  it  diflolves  the' 
Cryftals  readily,  yet  it  yields  them  up  again,  but 
in  the  form  of  aCiculse ; a change  which  this  acid 
is  wont  to  induce  alfo  upon  other  falts.  The  ni- 
trous acid  greedily  takes  up  the  acid  of  fugar, 
and,  upon  boiling,  grows  yellow ; upon  cooling; 
it  again  feparates  cryftals,  but  they  are  generally 
irregular.  If  the  folution  be  often  repeated,  with 
the  afliftance  of  heat,  the  faccharine  acid  is  to- 
tally deftroyed ; and  at  length  no  cryftals  appear.- 

The 
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The  marine  acid  and  vinegar  diffolve  thefe  cryf- 
tals  very  completely,  but  they  yield  them  again 
totally  unchanged  both  as  to  their  fhape  and  na- 
ture. 

(f)  00  parts  of  fpirit  of  wine,  on  boiling,  take 
up  nearly  56  of  this  acid  ; but  in  a moderate  heat 
not  above  40.  This  folution  grows  a little  turbid, 
and  depofits  a mucous  fedimertt,  fcarcely  equal  to 
^ of  the  acid  ; on  cooling,  Iquamous  cryftals  are 
formed  ; thefe  are  irregular,  have  a fragrant  fmell, 
and,  on  drying,  grow  white.  In  order  to  deter- 
mine the  effect  of  this  acid  in  forming  an  ether, 
two  drachms  of  the  cryftals,  diflolved  in  as  much 
fpirit  of  wine,  (of  the  fpecific  gravity  o,  8581) 
were  boiled  over  a flow  fire  in  a fmall  retort ; as 
foon  as  oily  ftriae  began  to  arife  another  receiver 
\Vas  luted  oh,  and  half  a drachm,  which  was  con- 
tained in  the  former  receiver,  was  found  to  be 
nothing  but  the  fpirit  deprived  of  its  fuperfluous 
phlegm  ; that  which  came  over  along  with  the 
ftriae,  weighed  only  a few  grains  more  than  the 
former  liquor,  this  was  an  acid,  and,  upon  eva- 
poration, yielded  a cryftallized  faccharine  acid  ; 
upon  the  addition  of  lime  water,  a faccharated 
lime  fell  to  the  bottom,  and  on  the  top  there  float- 
ed a thin  ftratum  of  ether,  holding,  in  a blue  fo- 
liltion,  a calx  of  copper  and  of  gold  (the  laft, 
probably,  alloyed  with  copper).  This  liquor,  if 
it  may  be  properly  called  an  ether,  differs  much 
from  the  common  ether ; for  it  is  not  inflam- 
mable, except  when  hot ; nor  does  it  burn  with  a 
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white,  but  with  a blue  flame,  only  white  on  the 
lurface  ; and,  finally,  the  fragrancy  of  its  fmell  is 
but  weak;  perhaps  if  the  experiment  was  made 
with  a larger  quantity,  it  would  fucceed  better:  af- 
ter the  ftriae  had  ceafed,  there  came  over  a drachm 
of  an  acid  liquor,  which  precipitated  lime-water, 
and  on  evaporation  yielded  a cryflalline  acid  of 
fugar  ; there  came  over,  alfo,  about  half  a 
drachm  of  an  heavier  oil : the  refiduum  confifted 
of  cryftallized  faccharine  acid,  and  weighed.  29 
grains ; this  refiduum,  which  had  but  little  empyreu- 
ma,  again  treated  the  fame  way  with  two  drachms 
of  fpirit  of  wine,  yielded  a few  oily  flrite,  and  a 
final!  quantity  of  oil : the  black  refiduum,  which 
weighed  near  12  grains,  exhibited  brown  cryftals; 
and  in  the  fire  fent  forth  a white  and  pungent  fmoke. 

(g)  Vitriolic  ether  diflolves  the  cryfiallized  acid 
of  fugar,  but  with  difficulty. 

(h)  The  faccharine  acid  unites  with  the  oils 
both  eflential  and  expreflfed,  but  feparates  again 
on  proper  evaporation : in  a more  violent  heat* 
alfo,  it  feparates,  by  riffmg  above  the  furface. 

(1)  In  an  heat  exceeding  1 5 °,  the  cryftals  are 
gradually  covered  with  a white  opake  cruft ; and 
at  length,  entirely  lplitting  into  a white  powder, 
lofe  about  -V  of  their  weight ; which  lofs  is  quick- 
ly recovered  in  a moift  air : the  cryftals,  when 
old,  are  covered  with  a loofe  down,  fuch  as  ap- 
pears upon  lutes  during  diftillation  ; but  is  in  no> 
refpedt  different  from  the  faccharine  acid  itfelf. 

In  low  clofe  diftilling  veffelsj  with  a gentle  fire* 

the 
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the  water  of  the  cryftals  firft  comes  over  (which 
forms  about  of  the  whole)  and  the  acid  is  fu- 
fed.  When  the  heat  is  intenfe,  it  foon  liquefies, 
and  upon  boiling  grows  brown ; a little  phlegm 
comes  over  into  the  receiver,  an  acid  powder  ef- 
fiorefces  upon  the  luting  of  the  receiver,  and  a 
white  faline  cruft  lublimes,  nay,  when  the  fire  is 
vehement,  fome  of  it  is  forced  over  into  the  receiver  j 
but  the  greater  part  is  deftroyed,  leaving  in  the 
retort  a brown  or  grey  matter,  equal  to  nearly  ~ 
t>f  the  cryftals ; this  has  an  empyreumatic  fmellj 
makes  concentrated  vitriolic  acid  brown,  and  ni- 
trous  acid  yellow,  but  is  diffolved  in  marine  acid, 
without  inducing  any  change  of  colour.  This  re- 
fiduum,  expofed  to  the  fire  in  an  open  veffel,  flies 
off,  leaving  nothing  in  the  glafs  but  a white  fpot. 
The  acid  of  fugar,  when  fublimed,  eafily  puts  on 
a cryftalline  form,  and  feems  to  have  undergone 
no  change,  except  that  it  is  rendered  extremely 
pure,  being  deprived  of  fo  much  of  its  oil  as  it 
Can  lofe  without  being  itfelf  deftroyed.  In  the  re- 
ceiver is  found  an  acid  liquor,  which  precipitates 
lime-water,  and  alio  exhibits  the  properties  of 
faccharine  acid,  but  does  not  eafily  cryftallize  : a 
prodigious  quantity  of  elaftic  vapour  is  generated, 
which,  upon  feparating  the  veffels,  is  found  to  be 
of  an  highly  pungent  and  empyreumatic  l'mell ; — < 
this  vapour,  colle&ed  during  diftillation,  amounts 
to  nearly  100  cubic  inches  in  every  half  ounce  of 
the  cryftals,  and  conliits  one  half  of  aerial  acid, 

which 
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which  may  eafily  be  feparated  by  lime-water,  the 
other  half  is  inflammable  air,  and  burns  with  a 
blue  flame  (/?). 

Acid  of  fugar  which  has  been  once  fublimed, 
when  again  fubjedtd  to  the  fame  operation,  fends 
forth  a white  fmoke ; this,  collected  in  a receiver, 
exhibits,  upon  cooling,  an  add  liquor,  of  a wa- 
ter-green colour,  which  is  hot  cryflallizable on 
the  Tides  and  neck  ol  the  retort,  alfo,  fome  of  the 
acid  is  found  fublimed,  and  faircely  changed  5 
the  reflduum  is  grey. 

Upon  fubliming  a third  time,  the  receiver  was 
burfl:  by  the  elaftic  vapour : ncverthelefs  a minute 
portion  of  art  acid  liquor  was  colie&ed,  which. 
Upon  evaporating  to  drynefs,  left  a fmall  reft* 
duum  : the  reflduum  in  the  retort  was  hoary. 
The  changes  now  defcribed  are  brought  about 
more  fpeedily  by  means  of  heat  in  open  veflels  : 
the  fmoke  ariflrtg  is  offenflve  to  the  noftrils  and 
the  lungs,  and  the  reflduum  is  of  a whiter  colour  ; 
in  this  cafe  there  occur  no  veftiges  of  a coal,  a 

(b)  M.  Morvcau  obferves,  that  the  Abb£  Fontana's 
analyfis  of  this,  acid  is  confidcrably  different.  He  does  not 
eftimate  the  aerial  acid  at  above  a third  : and  the  inflam- 
mable air  feemed  to  him  to  be  mixed  with  common  air. 
He  affirmsTtbat  an  ounce  of  the  cryftals  yielded  432  cubic 
inches  of  theft  elaftic  fluids,  a quantity  nearly  double  to 
that  affigned  by  Profeffor  Bergman.  M.  Mor\eau  attri- 
butes this  difference  to  the  different  means  which  he  fup- 
pofes  thefe  two  illuftrious  philofophcrs  employed  to  con- 
vert the  acid  info  elaftic  fluid.  1’* 
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circumftance  which  clearly  diltinguilhes  the  acid 
of  tartar  from  that  of  fugar. 

5 hi.  Sacchcirated  vegetable  Alkali. 

The  acid  of  fugar,  exaCtly  faturated  with  vege- 
table alkali,  does  not  yield  cryflals  without  diffi- 
culty— but  if  either  the  acid  or  the  alkali  be  a 
little  predominant,  cryflals  are  eafily  obtained  : 
two  parts  of  alkali,  fully  aerated,  combined  with 
one  of  faccharirie  acid,  being  fkilfully  evaporated, 
afford  beautiful  prifms,  nearly  of  the  fame  form 
with  thofe  of  the  acid  itfelf : thefe  ci-yftals  height- 
en the  blue  colour  of  paper  tinged  with  turnfole  ; 
but  if  boiled  in  the  tinCtUre  of  turnfole,  or  in  fyrup 
of  violets,  they  change  the  colour  to  a red  : they 
diffolve  eafily  in  water  ; but  with  difficulty  in  fpirit 
iof  wine  ; they  undergo  fpontaneous  calcination  iti 
heat : the  faccharine  acid  is  fep'arated  from  the 
cryflals  by  lime,  tferra  ponderofa,  or  magnefia, 
when  pure ; the  acids  of  vitriol,  of  nitre,  of  fait, 
of  fluor,  of  arfenic,  and  of  phofphorus,  alfo  in- 
duce a ehange,  by  attracting  the  alkaline  bafe. — < 
Acetated  and  formicated  vegetable  alkali  are  de- 
fcompofed  by  acid  Of  fugar : but  it  is  fire  alone 
that  can  perfectly  expel  the  faccharine  acid  from 
any  bafe.  In  difeovering  lime  in  any  manner, 
lodged  in  waters,  the  faccharated  vegetable  alkali 
is  preferable  to  any  fubftance  hitherto  known,  as 
it  attracts  lime  mofl  powerfully,  and  is  able  to 
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difengage  it  from  any  other  acid  : it  forms,  with 
the  lime,  a fait,  very  difficult  of  folution,  which 
therefore  falls  to  the  bottom  in  the  form  of  a white 
powder  ( § vi).  Although  this  effect  may  be  pro- 
duced by  the  acid  alone,  yet  the  double  (c)  affi- 
nity accelerates  the  operation,  at  lealt  never  im- 
pedes it. 

\ 

§ iv.  Sdccharated  mineral  Alkali. 

Two  parts  of  newly  cryftallized  mineral  alkali, 
combined  with  one  of  faccharine  acid,  form  a fait 
Very  difficult  of  folution,  which  is  partly  feparated 
during  the  operation,  but  what  remains  after  eva- 
poration yields  cryftalline  grains : thefe  cryftals 
diffolve  perfectly  in  warm  water,  but  not  in  fpirit 
of  wine  ; they  do  not  change  the  tin&ure  of  turn- 
foie,  but  make  fyrup  of  violets  green  : the  fame 
earths,  and  the  fame  acids,  decompofe  this  and 
the  former  fait ; and,  befides,  the  mineral  alkali 
is  expelled  by  the  vegetable. 

§ v.  Saccharated  volatile  alkali* 

One  part  of  faccharine  acid  takes  up  fix  of  pure 
volatile  alkali  (diftilled  from  one  of  fal  ammoniac, 
four  of  quick  lime,  and  three  of  water).  This 
combination  being  flowly  evaporated,  yields  qua- 

\ 

( c ) See  Treatifll  on  Elective  Attractions. 
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drangular  prifms,  generally  diverging  from  a num- 
ber of  points.  Thefe  cryftals  not  only  redden 
tincture  of  turnfole,  but  alfo  fyrup  of  violets  ; they 
fplit  in  heat,  lofing  about  4 of  their  weight  : this 
lofs  takes  place  in  the  faccharated  volatile  alkali 
more  flowly  than  in  the  acid  of  fugar  itfelf : wa- 

ter readily  difloives  thefe  cryftals  ; fpirit  of  wine 
does  not  : upon  diftillation,  they  yield  firft  a con- 
crete volatile  alkali,  then  fomewhat  of  a faccha- 
rated volatile  alkali. — The  coally  refiduum  indi- 
cates a decompofition,  and  confequently  the  difen- 
gagement  of  aerial  acid,  and  the  caufe  of  the  con- 
cretion of  the  volatile  alkali ; — this  union  is  de- 
compofed  by  fixed  alkalis,  and  by  the  earths 
and  acids  which  decompofe  the  former,  (§  ur, 
and  iv.). 

§ vi.  Sac  char  cited  Lime, 

82  parts  of  faccharine  acid  take  up  100  of  pel- 
lucid calcareous  fpar,  but  not  immediately,  be- 
caufe  the  furface,  when  laturated  with  the  acid, 
prevents  the  accefs  of  the  acid  to  the  internal  nu- 
cleus. Nitrated  lime  is  completely  precipitated 
by  acid  of  fugar  in  the  form  of  a white  powder, 
not  ioluble  in  water  ; of  1 1 9 parts  by  weight  of 
this  powder,  72  fall  to  the  bottom,  and  47  appear 
upon  evaporation  : hence  it  appears,  that  100 
parts  contain,  of  acid  48,  of  pure  lime  46,  and 
pf  water  6 ; fo  that  not  only  the  prefence  of  lime 
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in  water  is  difcovered  by  acid  of  fugar,  but 
even  its  quantity  may,  without  difficulty,  be  afeer- 
tained. 

The  faccharine  acid  attracts  lime  with  fuch  force, 
that  it  feparates  it  from  every  other  : this  combi- 
nation, therefore,  cannot  be  decompofed  by  any 
acid,  alkali,  or  earth,  hitherto  known,  and  can 
only  be  decompofed  by  fire  (e). 

Hence  alfo  we  underfland  the  neceffity  of  lime- 
water  in  the  purification  of  fugar.  For  the  juice 
of  the  cane  contains  a fuperabundance  of  acid, 
which  prevents  the  dry  concretion  ; and  even  if  to 
pt  re  fug.ar  diffolved  in  water  be  added  the  faccha- 
rine acid,  it  will  not  form  cryftalline  grains.  Now, 
nothing  more  powerfully  attracts  this  acid  than 
lime  ; and  when  united  with  ic,  it  is  infoluble  and 
either  falls  to  the  bottom,  or  floats  in  the  feu  in : 
lime-water,  therefore,  affords  the  mod  complete 
means  of  effecting  the  cryftallization,  as  it  removes 
the  impediment,  and,  befides,  may  eafily  be  add- 
ed in  any  proportion,  without  communicating- 

(<?)  This  tefl,  however,  is  not  To  perfeft  as  terra  pon- 
derofa  for  detedting  vitriolic  acid.  Bergman  himfelf  (Obf. 
on  Calculus!  has  pointed  out  one  cafe  in  which  it  fails; 
and  there  are  certainly  others  in  which  it  adts  more  flowly 
than  could  be  wifhed,  as  on  ftrong  folutions  of  lime  in 
acids  ; and  others,  again,  in  which  its  aftion  is  prevented 
by  caufes  that  have  not  accurately  been  afiigned.  1 have 
frequently  found  it  capricious  ; for  fo  my  ignorance  obliges 
me  to  exprefs  myfelf. 
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any  heterogeneous  matter.  Many  perfons  have 
thought  that  a portion  of  the  lime  remains  mixed 
with  the  fugar;  but  if  the  purification  be  proper- 
ly condu&ed,  the  nature  of  the  ingredients,  the 
circumflances  of  the  operation,  and,  finally,  the 
molt  accurate  analyfis,  abundantly  fhew,  that  there 
is  not  the  fmalleft  trace  of  lime  remaining  : — good 
fugar  diffolves  totally  in  diftilled  water;  which 
could  not  poffibly  be  the  cafe  if  there  was  prefent 
any  lime,  either  crude  or  united  with  the  faccha- 
rine  acid,  as  either  of  thefe  fubftances,  whether 
alone  or  mixed  with  fugar,  is  utterly  infoluble  in 
water.  The  vegetable  alkali  does  indeed  abforb 
the  acid  of  lugar,  but  forms  with  it  a fait  not  very 
difficult  of  iolution,  (§  hi.);  and,  befides,  a 
cauftic  lixivium,  if  ufed  in, too  great  quantity,  will 
diffolve  a portion  of  the  fugar.  In  faccharated 
lime,  the  earthy  bafis  predominates;  for,  uffien 
boiled  with  fyrup  of  violets,  it  ftrikes  a green  co- 
lour (/  ). 


§ vii. 

(/)  “ Phyficians  are  fometimes  heard  to  fay,  that  the 
Ufe  of  fugar  may  be  hurtful,  on  account  of  the  lime  ufed  in 
refining  it.  But  fuch  mull  belong  to  the  clafs,  unhappily 
too  numerous,  whom  intereft  prompts  to  contend,  that 
chymiftry  is  of  no  fervice  in  the  pradice  of  medicine. 

“ We  have  here  alfo  a ftriking  proof  of  the  influence  of 
chymiftry  m the  improvement  of  the  arts.  The  author’s 
difcovery  cannot  fajl  to  illuftrate  the  procefs  for  refilling 

a"  : An  b""  f"fpCa'd  th«  th'  ”■«  attracted  fo™ 
undtuous  fubftance,  or  an  acid.  But  this  was  mere  con- 

jedurc  j 
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§ vit.  Saccharated  Terra  Ponder  of n. 

Acid  of  fugar,  faturated  with  terra  ponderofas 
quickly  depofits  pellucid  angular  cryftals,  fcarcely 
foluble  in  water ; boiled  it)  di Hilled  water,  they 
fplit,  and  yield  an  opaque  powder;  but  on  cool- 
ing, the  fmall  portion  which  is  diffolved  again  con- 
cretes into  cryflals,  containing  a fuperabundant 
acid  ; for  this  combination  never  cryftallizes,  un- 
lefs  the  acid  be  predominant.  Now,  the  hot  wa- 
ter takes  the  fuper abundant  acid  from  the  greatefl 
part,  and  therefore  renders  it  infoluble,  no  more 
acid  remaining  than  what  is  neceffary  to  fatura- 
tion  j — they  fcarcely  diffolve  in  fpirit  of  wine  ; ■ 
they  yield  their  menftruum  to  lime.  Saccharated 
terra  ponderofa,  put  into  a lixivium  of  pure  vege- 
table alkali,  is  covered  with  an  opaque  cruft,  and 
at  length  falls  into  a powder  : the  alkali  is  fouro. 
united  with  the  iuperabundant  acid. 

jefture  : and  it  will  be  cafy  (now  the  objeft  to  be  accom- 
plifhcd,  and  the  manner  of  aftion  of  the  matters  employed, 
are  known)  to  improve  the  mode  of  proceeding.  The 
lime,  I ihould  fuppofe,  ferves  to  feparate  not  only  the  fu- 
perabundant  acid  furnifhed  from  the  cane,  but  that  alfo 
which  is  developed  by  the  a&ion  of  fire,  or  by  an  incipient 
fpontaneous  fermentation  of  the  efiential  fait  : for,  inde-^ 
pendently  of  the  lofs  in  coarfe  fugars,  that  which  has  been 
long  kept  in  a damp  place  has  been  obferved  to  turn  yel- 
low and  vifeid  [gras)  ; infomuch  that  it  became  neceffary 
tp  refine  it  again.”— Morveau. 
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§ viir.  Saccharated  Magnefia.  • 

The  acid  of  fugar  diffolves  magnefia,  and  forms 
a middle  fait,  in  the  form  of  a white  powder‘d 
which  is  not  foluble  either  in  water  or  fpirit  of 
wine,  unlefs  the  acid  be  fuperabundant.  100 
parts  of  this  fait  contain  35  of  pure  magnefia, 
and  of  acid  and  water  about  65  : the  fluor  acid 
is  the  only  one  which  decompofes  this  fait ; it  i$ 
alfo  decompofed  by  lime  and  terra  ponderofa : 
pure  magnefia  feparates  the  faccharine  acid  from 
alkaline  falts. 

§ ix.  Saccharated  Clay . 

\ 

42  parts  of  earth  of  alum,  well  wafhedj  are  diJC- 
folved  by  digeftion  in  53  of  acid  of  fugar.  This 
folution,  on  evaporation,  does  not  produce  cry- 
flals,  but  a yellowilh  pellucid  mafs,  of  a fweet  yet 
aftringent  tafte.  This,  when  dry,  deliquiates  in 
a moiff  air,  and  gains  4 of  its  weight : it  reddens 
tin&ure  of  turnfole,  but  not  fyrup  of  violets ; it 
diffolves  fparingly  in  fpirit  of  wine ; in  the  fire  it 
fwells,  the  acid  flies  off,  and  leaves  behind  a brown 
earth. — 100  parts  contain  about  44  of  earth,  and 
56  of  acid  and  water.  The  vitriolic,  nitrous,  and 
marine  acids,  the  alkaline  falts,  terra  ponderofa* 
lime,  and  magnefia,  all  decompofe  faecharated  clay# 
Iron  alfo  is  attacked  by  at  folution  of  this  fait ; and 
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the  iron  feparates,  united  with  the  faccharine  acid, 

(§  XVI.). 

Alum  is  not  decompofed  by  acid  of  fugar  ; 
neither  does  nitrated  or  falited  clay  yield  their  bafe 
to  it. 


§ x.  Saccharated  Gold. 

The  acid  of  fugar  does  not  aft  upon  gold  while 
in  folution  ; yet  if  it  be  precipitated  by  a fixed  al- 
kali, and  well  wafhed,  this  acid  blackens,  but 
fcarcely  diffolves  it. 

§ xi.  Saccharated  Platina. 

Platina  is  not  diffolved,  unlefs  precipitated  by 
an  alkali.  Now,  the  vegetable  alkali  partly  unites 
with  the  diffolved  platina,  forming  a fait  very  diffi- 
cult of  folution ; which  therefore,  upon  the  addi- 
tion of  the  alkali,  falls  to  the  bottom  like  a preci- 
pitate, although  in  reality  it  contains  aqua  regia, 
or  at  lead  marine  acid ; therefore,  to  avoid  con- 
fufion,  I make  ufe  of  platina  precipitated  by  a 
mineral  alkali,  and  well  walhed.  i know  fome 
expert  chymifts  affert,  that  this  noble  metal  does 
not  yield  to  mineral  alkali ; but  the  contrary  is  ea- 
fily  ffiewn. — Of  this  we  have  treated  elfewhere  at 
large  ; therefore  we  return  to  the  folution  made  by 
acid  of  fugar  : this  is  yellow,  and  yields  yellow 
crystals. 
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§ xii.  Saccharated  Silver . 

Acid  of  fugar  dilfolves  filver  precipitated  by  a 
fixed  alkali  but  fparingly,  and  does  not  attack  the 
metal  itfelf.  This  combination  is  mod;  conve- 
niently obtained  from  a faturated  folution  of  filver 
in  nitrous  acid.  The  filver,  upon  the  addition  of 
acid  of  fugar,  precipitates  in  the  form  of  a white 
powder,  which,  when  wafhed,  does  not  change 
even  the  tin&ure  of  turnfole  ; fcarcely  dilfolves  in 
water,  much  lefs  in  fpirit  of  wine ; yet  is  foluble 
in  nitrous  acid,  and  grows  black  by  the  rays  of 
the  fun.  Acid  of  fugar  alfo  decompofes  vitriol 
of  filver,  but  not  falited  filver,  fo  far  as  I have 
hitherto  been  able  to  determine  with  certainty. 

§ Xi it.  Saccharated  Mercury. 

Mercury,  like  the  former  metals,  is  not  acted 
upon  by  acid  of  fugar,  unlefs  it  be  partly  depri- 
ved of  its  phlogifton  ; but  in  that  (late  it  is  diffol- 
ved,  forming  a powdery  white  fait,  which  is  not 
foluble  in  water,  unlefs  the  acid  predominates, 
and  grows  black  when  expofed  to  the  fun.  The 
fame  ialt  may  be  had  from  mercury  dilfolved  in 
nitrous  or  marine  acid,  by  the  addition  of  acid 
of  lugar,  which  immediately  occafions  a preci- 
pitation. Corrofive  fublimate,  by  this  method, 
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yields  a fine  powder,  but  flowly,  and  in  very 
finail  quantity,  which  does  not  grow  black  in  the 
light. 

% 

' \ . , * ■ 

§ xiv.  Sacchar cited  Lead . 

Lead,  digefted  with  acid  of  fugar,  is  corroded, 
but  fcarcely  diffolved,  unlefs  it  be  calcined,  efpc- 
cially  by  precipitation  with  an  alkali.  This  folu- 
tion,  when  approaching  to  faturation,  is  made  tur- 
bid by  faline  grains,  which  feparate  and  fall  to  the 
bottom.  The  fame  happens  upon  adding  acid  of 
fugar  to  folution  of  lead,  in  nitrous  acid,  marine 
acid,  or  vinegar  : thefe  cryftals  contain  about  55 
parts  of  lead  in  1 00 ; they  do  not  diffolve  in  fpirit 
of  wine,  and  fcarcely  in  water,  unlefs  it  be  fharp- 
ened  by  an  acid.  A folution  of  vitriolated  lead  is 
not  precipitated  by  the  faccharine  acid. 

§ xv.  Saccharated  Cupper. 

Acid  of  fugar  attacks  copper,  even  in  its  me- 
tallic hate ; but  with  greater  eafe  if  it  has  been 
diffolved  and  precipitated  by  an  alkali.  Both  fo- 
lutions  form  a powder  of  a dilute  blue  colour, 
which,  unlefs  the  acid  predominates,  is  fcarcely 
foluble  in  water : 11  parts  of  copper  require  29 
of  acid.  Copper  is  precipitated  by  faccharine  a- 
cid,  from  its  folution  in  vitriolic,  nitrous,  or  ma- 
rine acid.  The  colour  of  a folution  of  this  fait  is 
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a mixture  of  blue  and  green,  the  copper  depofits 
upon  zinc  or  iron.  The  acid  of  fugar  decompo- 
les  acetated  copper  fo  completely,  that  the  concen- 
trated vinegar  may  be  feparately  collected,  only  a 
little  adulterated  with  copper. 

r*  t 

¥ 

§ xvi.  Saccharated  Iron . 

The  acid  of  fugar  attacks  iron  with  an  effer- 
vefcence,  which  is  occafioned  by  the  extrication 
of  phlogifton  (g).  The  folution  has  an  aftrin- 
gent  fweetnefs ; and,  when  made  without  heat, 
exhibits  prifmatic  cryftals  of  a greenifh  yellow  co- 
lour, eafily  foluble  in  water,  poffefling  a l'uper- 
abundance  of  acid,  and  yet  fplitting  in  heat.  In 
ioo  parts  there  are  55  of  acid,  and  45  of  iron. 
The  acid  being  expelled  by  fire,  there  remains 
a ferruginous  mkfs  marked  with  greenifh  fqua- 


(^)  “I  do  not  believe  that  the  reparation  alone  of  phlo- 
gifton can  occafion  a fenftble  effervefcence.  This  phieno- 
menon  takes  place  in  the  folution  of  metals,  in  proportion 
to  the  decompQfition  of  the  acid,  at  leaft  a partial  decom- 
pofition  ; whence  an  elaftic  fluid  is  produced,  which  unites 
with  phlogifton,  and  becomes  inflammable  air.”  Morveau. 

Mr  Ivirwan  would  explain  this  appearance  by  faying, 
that  the  acid,  in  diffolving  the  metal,  gives  out  fire  to  the 
phlogifton,  which  enables  it  to  aflume  an  aerial  form ; and 
if  it  fhould  at  laft  be  proved,  that  inflammable  air  is  one  of 
the  ftates  of  phlogifton,  this  mult  be  accepted  as  the  true 
theory.  B. 
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mulas  on  the  furface,  but  the  nucleus  verges  to  a 
brown 

Calx  of  iron  is  alfo  diflblved  ; but  on  digefting 
both  it  and  the  foregoing  folution,  they  yield  no- 
thing but  a yellow  powder,  fuch  as  is  precipitated 
from  green  vitriol  by  acid  of  fugar,  and  is  alfo 
had  in  the  preparation  of  the  faccharine  acid, 
when  the  nitrous  acid  employed  abounds  with 
iron  This  powder  is  almoft  infoluble  in  water, 
but  on  boiling  feparates  an  ochre. 

§ xvii.  Saccharated  Tin. 

Tin,  by  the  affiftance  of  heat,  is  blackened  by 
the  acid  of  fugar,  and  at  length  covered  by  an  hoary 
powder  : the  folution  emits  elaftic  vapours,  pof- 
feffes  an  auftere  tafte,  and  exhibits  prifmatic  cry- 
ftals ; but  when  quickly  evaporated  to  drynefs,  no- 
thing remains  but  a corneous  mafs,  which  being 
diflblved,  on  the  addition  of  an  alkali  yields  a co- 
pious precipitate.  The  calx  of  tin  is  alfo  eafily 
diflblved,  and  both  the  combinations  make  tinflure 
of  turnfole  red. 

§ xvin.  Saccharated  Bifmuth . 

The  regulus  of  bifmuth  is  fomewhat  corroded 
by  acid  of  fugar  ; but  the  calx  only  is  diflblved. — « 
This  fait  is  powdery  and  white,  and  fcarce  foluble  in 
r/ater : tjie  metal  conflitutes  one  half  of  its  weight. 

If 
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If  to  a folution  of  nitrated  bifmuth  be  added  the 
faccharine  acid,  in  the  fpace  of  an  hour  polygonal 
tranfparent  grains  concrete  at  the  bottom  of  the 
velfel,  which  have  the  fame  properties  as  the  a- 
bove-mentioned  powder,  nor  do  they  occafion 
opacity  in  water,  like  the  cryftals  of  nitrated  bif- 
muth. 

- • • . * , ^ / 

§ xix.  Sac  char  cited  Nickel. 

The  regulus  of  nickel,  digefted  in  acid  of  fugar, 
is  covered  with  a greenifh  white  cruft,  and  at 
length  all  fplits  into  a powder  of  the  fame  colour ; 
the  green  calx  alfo  affumes  the  fame  colour,  even 
without  heat. — This  combination  contains  twice 
as  much  acid  as  metal.  The  faccharine  acid  pre- 
cipitates a powder  of  the  fame  kind  from  nickel 
diffolved  in  vitriolic,  nitrous,  or  marine  acids : 
this  fait  is  diffolved  in  water  in  fmall  quantity, 
and  affumes  a yellow  colour,  fcarce  tinged  with 
green  5 and  the  cryftals  are  of  the  fame  colour. 

§ xx.  Saccharated  Arfenic. 

Arfenip  in  a reguline  date . is  fcarcely  diffolved 
by  digeftion,  but  white  arfenic  is  eafily  taken  up 
without  heat  ; on  evaporation  it  exhibits  prifmatic 
cryftals,  which,  melting  with  a gentle  heat,  emit 
the  fuperabundant  acid,  and  flioot  into  elegant 
ramifications  j thefe  eafily  diffolve  in  watsr,  and 
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in  fpirit  of  wine  make  tin&ure  of  turnfole  red ; 
are  fublimed  by  a gentle  fire,  but  deftroyed  by  a 
ftronger  ; the  faccharine  acid  firft  flying  off,  and 
then  the  white  arl'enic,  with  a fmell  of  garlick. 

§ xx t.  Saccharated  Cobalt. 

Acid  of  fugar  attacks  cobalt,  either  with  or 
without  heat,  and  converts  it  intp  a powder  of  a 
dilute  rofe-colour.  The  folution  is  more  yellow, 
and  exhibits  cryflals  of  the  like  colour,  abounding 
in  acid,  and  therefore  eafily  foluble  ; but  the  rofe- 
coloured  powder,  which  does  not  change  turnfole, 
is  fcarcely  foluble  in  water.  The  acid  of  fugar, 
in  a moderate  heat,  takes  up  more  than  an  equal 
weight  of  precipitated  cobalt : on  the  addition  of 
common  fait  this  folution  yields  a fympathetic  ink. 

The  faccharine  acid  feparates  cobalt  from  all 
acids  yet  known,  and  forms  the  above-mentioned 
powder. 

§ xxi  r.  Saccharated  Zinc . 

Regulus  of  zinc  effervefces  violently  with  fac- 
charine acid,  and  is  foon  covered  with  a white 
powder:  this,  in  ioo,  contains  75  of  metal,  and 
is  not  foluble  in  water,  unlefs  when  the  acid  pre- 
dominates : the  calx  yields  a fimilar  powder,  and 
pn  the  addition  of  acid  of  fugar  to  folutions  of 
zinc,  in  vitriolic,  nitrous,  or  marine  acids,  a fi- 
milar powder  is  obtained.. 
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§ xxiii.  Saccharated  Antimony . 

Regulus  of  antimony  grows  black  in  digeftion 
with  faccharine  acid,  but  the  calx  and  the  glafs 
are  diffolved,  though  flowly. — The  folution,  in 
which  the  acid  is  always  predominant,  exhibits 
cryflalline  grains,  which  are  fcarcely  foluble  in 
water.  The  acid  of  fugar  precipitates  fimilar 
grains  from  acetated  glafs  of  antimony,  but  not 
from  the  butter  $ yet  it  takes  antimony  from  the 
vitriolic  acid. 

§ xxiv.  Saccharated  Manganefe. 

Magnefia  nigra  effervefces  with  acid  of  fugar, 
even  without  heat ; but  the  faturated  folution  de- 
posits a white  powder  fcarcely  foluble  in  water, 
unlefs  the  acid  be  Superabundant.  This  fait  grows 
black  in  the  fire,  but  again,  upon  the  affufion  of 
acid,  is  turned  to  a milky  powder,  fuch  as  is  pre- 
cipitated (mixed  with  fome  cryfialline  grains)  up- 
on the  addition  of  faccharine  acid,  from  the  So- 
lutions of  manganefe  in  vitriolic,  nitrous,  or  ma- 
rine acids. 

S xxv.  Elective  Attractions  of  Acid  of  Sugar . 

From  the  preceding  experiments  it  appears, 
$hat  the  elective  attractions  of  acid  of  fugar  are  as 
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follow,  viz.  Lime  claims  the  firfl  place  (§  vi.) ; 
terra  ponderofa  the  fecond  (vi i. ) ; then  magne- 
fia  (viii.);  vegetable  alkali  (i 1 1.) ; mineral  al- 
kali (iv.);  volatile  alkali  (v.);  and  laftly,  clay 
(ix.)  With  regard  to  other  acids,  the  faccha- 
rine  acid  yields  alkalis  to  vitriolic,  nitrous,  and 
marine  acids,  arfenical  acid,  acid  o(  fluor,  and 
phofphoric  acids  (hi  );  it  yields  lime  to  none 
(vt.);  terra  ponderofa,  to  vitriolic  acid  (vii.)  ; 
magnefia,  to  the  fluor  acid  (vitt.);  clay,  to  vi- 
triolic, nitrous,  and  marine  acids  (ix.);  filver 
(xir.)  and  antimony  (xx i n.)  to  marine  acid  j 
lead  (xiv. ) and  perhaps  tin  (xvn.)  to  the  vitrio- 
lic; but  mercury  ,(xi  ii.),  copper  (xv.),  iron 
(xvi.),  bifmuth  (xviii.),  nickel  (xix.),  cobalt 
(xxi.),  zinc  (xxn),  and  manganefe  (xxiv.), 
to  none,  fo  far  as  is  yet  known.  As  to  the  me- 
tals, though  they  are  fet  down  by  all  in  the  table 
of  fimple  ele&ive  attra&ions,  their  forces  being 
determined  by  precipitation  ; yet,  properly  fpeak- 
ing,  they  do  not  belong  to  that  place,  as  thefe 
precipitations  are  in  fa  ft  performed  by  means  of  a 
double  ele&ive  attra&ion. — If,  however,  any  one 
wiflies  to  keep  them  in  that  place,  he  may  take  it 
for  granted  that  they  preferve  nearly  the  fame  or- 
der, whatever  menftruum  they  are  diffolved  in. 
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S xxvi.  JVhether  Saccharine  Acid  ozves  its 

if  # ' 1 

Origin  to  the  nitrous. 

Hitherto  we  have  confidered  the  properties  of 
the  acid  of  fugar ; it  now  remains  to  fay  fome- 
thing  of  its  origin : and  here  a queftion  firft  oc- 
curs, whether  it  be  truly  and  perfectly  inherent  in 
the  fugar,  or  whether  it  be  generated  during  the 
boiling,  by  the  adventitious  nitrous  acid  ? I do 
not  deny  but  that,  at  firft  fight,  the  nitrous  acid 
appears  to  contribute  fomething  to  the  generation 
of  this  acid,  as  all  attempts  to  generate  it  without 
the  affiftance  of  that  acid  have  hitherto  failed.  I 
once  thought,  that  the  nitrous  acid,  being  very 
greedy  of  phlogifton,  is  by  that  means  able,  du- 
ring the  procefs,  to  fpoil  the  faponaceous  mafs  of 
fugar  fo  far  of  its  inflammable  principle  that  it  can 
at  length  give  out  its  faline  principle  alone ; yet  I 
never  could  accomplilh  this  end,  either  by  diftil- 
lation  of  fugar,  or  detonation  with  nitre ; by  di- 
geftion  or  deco&ion  with  vitriolic  or  dephlogifti- 
cated  marine  acid;  nor  finally  by  manganefe : 
however,  although  the  experiments  hitherto  tried 
have  proved  fruitlefs,  we  are  not  authorifed  to 
conclude  that  there  is  no  poflible  means  of  extract- 
ing the  acid  ol  fugar  without  the  help  of  nitrous 
acid  ; at  leaft,  it  cannot  be  proved  by  any  proba- 
ble, much  lefs  conclufive  argument,  that  nitrous 
acid  enters  into  the  compofition  of  the  acid  of 

fugar. 


332 


OF  THE  ACID  OF  SUGAR. 


fugar. — Sugar  is  either  fpontaneoufly  or  artificial- 
ly feparated  from  certain  vegetable  juices,  and  is 
therefore  confidered  as  an  eflential  fait : now  all 
fuch  falts,  as  we  know,  poffefs  acids  peculiar  to 
themlelves ; it  will  therefore  hardly  be  denied  that 
the  fame  is  the  cafe  with  refpett  to  fugar,  though 
we  were  ignorant  of  any  other  proofs.  In  com- 
mon fugar,  the  fuperabundant  acid  is  carried  off 
in  fuch  a manner  during  the  preparation,  as  to 
efcape  the  notice  of  our  fenfes  : neverthelefs  thofe 
converfant  in  chymiftry  can  entertain  no  doubt 
concerning  that  which  remains  (/z). 

We  conclude  then  that  an  acid  does  exift  in 
fugar : it  remains  to  enquire,  whether  this  be  al- 
tered by  the  nitrous  acid. 

If  we  examine  the  operation  with  all  due  atten- 
tion, we  fhall  find  that  nitrous  acid  has  fuffered 
no  other  change  than  the  following : it  grows  red, 
being  loaded  with  phlogifton,  it  becomes  more  vo- 
latile and  more  weak,  and  a part  of  it  aflumes 
the  nature  and  properties  of  that  elaftic  fluid  now 
diftinguiihed  by  the  name  of  nitrous  air : again, 
nothing  more  is  required  than  that  the  eflential 
acid  entangled  in  the  oily  part  be  fet  at  liberty, 
and  this  is  obtained  in  an  highly  attive  (late, 
(§  1.  g),  although  ft  ill  loaded  with  fo  great  a 
quantity  of  phlogifton  as  to  exhibit  cryftals,  while 
other  acids,  being  deprived  of  that  principle,  aie 

(/$)  The  acid  of  refined  fugar  is  developed  fo  as  to  make 
a fenfible  impreffion  on  the  teeth.  Morveau. 
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always  fluid ; and  this  folid  Rate  is  competent  to 
faccharine  acid,  even  when  further  deprived  of 
phlogifton  (§  hi.  i.)  (/). 

If  we  confider  the  nature  of  the  acid  of  fugar, 
we  fhall  find  that  it  does  not  referable  the  nitrous 

(;■)  If  it  be  in  general  true,  that  the  concrete  ftate  of 
the  acids  is  owing  to  phlogifton  alone,  neither  the  feda- 
tive  nor  the  phofphoric  acid,  in  a glaffy  ftate,  nor  that  of 
arfenic,  can  be  free  from  it ; yet  the  two  laft  form  with  it 
folid  fulphur,  as  well  as  the  vitriolic ; and  the  folidity  is 
probably  owing  to  the  fame  combination.  On  the  other 
hand,  a fluid  form  is  effential  to  marine  acid  not  dephlo- 
gifticated ; vinegar,  though  loaded  with  unttuous  mat- 
ter, cannot  be  obtained  concrete  ; nitrous  acid  is  changed 
by  phlogifton  into  gas,  and  the  volatile  vitriolic  acid  pre- 
ferves  its  fluidity.  It  appears  indeed,  that  thefe  laft- men- 
tioned combinations  are  modified  by  air,  which  caufes  the 
difference  between  fulphur  and  the  fulphureous  acid • 
but  thefe  obfervations  ought  not  the  lefs  to  guard  us  againft 
geneializing  the  principle.  The  analogy  obferved  by  the 
author  may  be  very  juft,  when  confidered  with  refpeft  to 
fome  particular  pheenomena  ; and  it  is  very  pofiible  that 
the  fluid  vitriolic  acid  may  harbour  as  much  phlogifton  as 
cryftals  of  the  faccharine  acid  before  calcination : the  more 
or  lefs  deftruftibility  of  a compound  does  not  always  indi- 
cate the  proportion  of  the  conftituent  parts  : laftly,  the 
fluidity  of  acid  is  a real  ftate  of  fufion,  like  that  of  mer- 
cury ; this  idea,  which  I had  not  confidered  (I.  c.)  but 
with  refpe<ft  to  its  conneaion  with  the  general  fyftem  of 
the  properties  of  bodies,  is  confirmed  by  the  fine  experi- 
ments of  the  Duke  d’Ayen,  on  the  congelation  of  the  vi- 
triolic acid  in  a temperature  15  degrees  below  the  freez- 
ing point  [2°  or  3°  below  o of  Fahrenheit’s  feale.] 

Morveau. 

acid 


334 


OF  THE  ACID  OF  SUGAR. 


acid  in  any  other  inftance  than  thofe  properties 
which  are  common  to  all  acids  : btfides,  it  expels 
the  nitrous  acid  from  lime,  terra  ponderofa,  mag- 
nefia,  and  metals  (#  xxv.)  ; yielding  to  the  other 
acids  nothing  but  alkalis  (§  hi.).  While  the 
nitrous  acid  produces  falts,  either  deliquefcent  or 
eafily  foluble,  acid  of  fugar  yields  fuch  as  are 
fcarcely  foluble  in  water  (§  vi.  viii.  xii.  xv. 
xvi.  xix.  xxi.).  Alkalis,  when  nitrated,  de- 
tonate with  ignited  phlogifton  ; but,  when 
faccharated,  {hew  not  the  lead  figns  of  deflagra- 
tion, which  they  evidently  do  upon  the  addition 
of  the  fmalleft  particle  of  nitrous  acid.  The  ni- 
trous acid  corrodes  tin  and  antimony,  but  fcarce- 
ly diflfolves  them,  while  acid  of  fugar  readily  a&s 
upon  them:  phlogiflicated  nitrous  acid,  united 
with  vegetable  fixed  alkali,  deliquefces,  does  not 
form  cryftals,  and  is  readily  expelled  by  vinegar, 
or  even  by  acid  of  fugar,  ftill  more  loaded  with 
phlogifton : all  which  circumftances  by  no  means 
take  place  with  refpedt  to  the  fixed  vegetable  al- 
kali united  with  acid  of  fugar.  Many  other  diffi- 
milarities  will  occur  upon  comparifon,  fo  that  thefe 
acids  are  of  a nature  not  only  unlike,  but  in  many 
inftances  diametrically  oppofite.  If  any  will  attri- 
bute all  the  difference  to  phlogifton,  I will  not 
deny,  that  that  fubtile  principle  forms  a wonder- 
ful fource  of  difference  ; but  the  differences  which 
take  place  here  can  by  no  means  be  attributed  to 
this  when  properly  examined.  The  nitrous  acid 
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Is  weakened,  and  made  far  more  volatile,  by 
union  with  the  phlogifton ; the  acid  of  fugar  much 
more  fixed,  even  when  loaded  with  fo  great  a 
quantity  as  to  be  cryftallizable ; — it  almoft  every 
where  expels  the  ftrongeft  nitrous  acid,  as  experi- 
ments lhew;  befides,  the  phlogifticated  nitrous 
acid  produces,  with  the  very  fame  matters,  com- 
pounds totally  different  from  thofe  with  acid  of 
fugar.  Nothing  can  be  judged  from  circumftan- 
ces  which  are  unknown,  forged,  or  at  beft  pof- 
fible — and  among  all  the  fads  yet  known,  con- 
cerning the  acid  of  fugar,  we  can  find  no  figns  of 
its  being  derived  from  the  nitrous  acid. 

However,  let  us  enquire  more  deeply;  let  us 
principally  confult  nature,  not  indifferently  and 
flightly,  fupplying  the  deficiencies  with  fidion, 
but  candidly  and  properly,  by  apt  and  accurate 
experiments,  otherwife  her  anfwers,  like  thofe  of 
the  oracles  of  old,  will  be  either  delufive  or  am- 
biguous. 

But,  by  whatever  means  the  acid  of  fugar  is 
produced,  it  muft  be  confidered  as  diftind  and 
different  from  all  others,  being  always  effentially 
and  fpecifically  the  fame.  Its  fingular  properties, 
fome  of  which  are  of  confiderable  ufe  in  chymi- 
ftry,  drew  that  it  deferves  the  moll  particular  at- 
tention : from  the  time  of  Stahl,  many  confider- 
ed the  nitrous  and  marine  acids  as  generated  from 
the  vitriolic  ; but  if  all  confiding  in  this  theory 
(which  yet  is  contradided  by  daily  obfervation) 

had 
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had  negle&ed  the  examination  of  thofe  acids* 
confidering  them  as  fubordinate  and  derivative, 
we  fhould  be  to  this  day  ignorant  of  many  fingu- 
lar  fa&s,  which  by  degrees  were  difcovered,  prin- 
cipally becaufe  many  confidered  thefe  acids  as 
diftindt  and  feparate  fubftances  (/e). 

DIS- 

(k)  To  the  hiftory  of  the  Acid  of  Sugar,  accident,  and 
the  enquiries  of  later  chymifts,  enable  me  to  make  addi- 
tion.— Profeffor  Murray,  of  Gottingen,  has  affirmed,  that 
Mr  Schrikel  has  obtained  it  by  repeated  diftillations  and 
congelation,  without  ufing  any  nitrous  acid.  M.  Mor- 
veau,  from  whom  I learn  this,  adds  nothing  further  con- 
cerning the  procefs.  Was  it  in  this  cafe  procured  by  dif- 
tilling  fugar  with  the  black  calx  of  manganefe,  or  the  calx 
of  lead,  fubftances  which  attract  the  inflammable  principle 
with  confiderable  force  ? yet  the  author  failed,  as  he  did 
alfo  in  attempting  to  dephlogifticate  the  faccharine  acid 
by  means  of  the  dephlogifticated  muriatic  acid.  The  expe- 
riments, however,  mentioned  by  Profeflor  Murray,  fur- 
nifh  an  irrefragable  argument  of  the  effential  difference  be- 
tween the  nitrous  acid,  and  that  of  fugar.  Though  the 
author’s  reaforiing,  by  every  unprejudiced  perfon,  will  be 
thought  to  prove  this  abundantly,  there  are  fome  chymifts 
of  note,  and  teachers  of  chymiftry,  who  maintain,  that 
the  faccharine  acid  is  nothing  but  nitrous  fulphur. 

“ The  Abbe  Fontana  has  obtained  an  acid  perfectly  like 
that  of  fugar,  and  faccharine  fubftances,  from  all  the  gums 
and  refins.”  (Journ.  Phyf.  tom.  xii.  p.  182.  and  tom.  xiii. 
p.  23.).  Morveau. 

I have  heard  that  it  has  been  procured  from  oils ; but 
the  moft  interefting  difeovery  of  this  fort  was  made  by 
the  celebrated  Mr  Watt  of  Birmingham: — he  was,  I un- 

1 derftand 
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derftand,  making  fome  experiments  relative  to  ink,  when 
he  obferved  a number  of  bodies  floating  in  the  fluid,  which 
had  the  (hape  of  cryftals  of  the  faccharine  acid,  and  upon 
examination  Were  fouhd  to  be  really  fuch  : he  found,  by 
adding  nitrous  acid  to  galls,  and  conducing  the  procefs  iii 
the  way  recommended  by  Profelfor  Bergman,  that  thefe 
aftringent  bodies  contain  the  acid  of  fugar  in  greater  a- 
bundance  than  the  fubflance  from  which  it  derives  its 
name. — I cannot  be  certain  that  thefe  circumflances  took 
place  exaftly  as  I deferibe  them,  but  I have  reafon  to  fup- 
pofe  that  this  account  is  near  the  truths  B.  The  acid  yield- 
ed by  an  infufion  of  galls,  or  by  diftilling  them,  according 
to  a late  difeovery  of  Scheel’s,  is  probably  only  a modifi- 
cation of  the  faccharine  acid. 

As  to  what  is  faid  concerning  acid  of  fugar,  procured 
by  diftillation  and  congelation,  Dr  Murray,  or  Mr  Mor- 
veau,  muft  have  mifiaken  the  matter,  Mr  Schrickel  did 
obtain  an  acid,  by  diftillation)  but  very  different  from  Bergi 
man’s,  as  may  be  feen  in  a paper  of  Crell’s,  among  Mr 
Scheel’s  Effays.  To  obtain  acid  of  fugar,  without  vital 
air,  or  nitrous  acid,  would  be  a fadf  of  great  importance 
in  the  prefent  Hate  of  chemical  theory. 
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PREPARATION  of  ALUM. 


§ i.  Various  Ufes  of  Alum. 

TWTATURE  produces  but  a very  {mail  quantity 
of  native  alum ; and  this  is  mixed  with  he- 
terogeneous matters,  or  efflorefces  in  various 
forms  upon  ores  during  calcination  ; but  rarely 
occurs  cryftallized.  In  this  latter  (late  it  is  re- 
ported to  be  found  in  Egypt,  Sardinia,  Spain* 
Bohemia,  and  other  places;  I have  fometimes 
feen  it  generated  in  the  aluminous  fchift  of  Lap- 
land  and  Weft  Gothland,  by  a fpontaneous  de- 
compofition  of  the  ore ; befides,  it  is  found  dif- 
folved  in  the  aerial  waters : it  is  found,  but  very 
rarely,  in  fountains,  and  in  hot  medicated  waters. 

.. After  having  conftdered  the  various  ufes  of  this 

fait. 
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fait,  we  (hall  examine  at  what  time  it  firft  began 
to  be  artificially  prepared. 

In  the  difpenfatories,  alum  enters  many  prepa- 
rations, liquors,  collyria,  gargles,  plaifters,  bo- 
lufes,  pills,  powders,  and  others : by  its  mild  aci- 
dity it  coagulates  milk ; and  it,  befides,  pofieffes 
a remarkable  aftringent  power. 

In  the  arts  alfo,  and  the  ceconomy  of  private 
life,  the  ufe  of  this  fait  is  very  frequent ; it  is  add- 
ed to  tallow  to  make  candles  hard.  1 he  printers 
culhions  are  rubbed  with  bufnt  alum  that  the  ink 
may  (tick  ; and  tor  the  fame  reafon  the  inftru- 
ments  ufed  for  printing  linen.  Wood  fufficiently 
foaked  in  alum  does  not  eafily  take  fire  : the  fame 
is  true  of  paper  impregnated  with  it ; which,  for 
that  reafon,  is  very  proper  to  keep  gun -powder, 
as  it  alfo  excludes  the  moiflure  of  the  air.  Paper 
impregnated  with  alum  is  ufef ul  in  whitening  filver 
and  filvering  brafs  without  heat ; it  is  ufeful,  add- 
ed to  milk,  which  does  not  eafily  feparate  its  but- 
ter ;■  in  the  conglutinating  of  feveral  fubftances ; 
in  making  the  pyrophorus ; in  tanning  $ and  ma- 
ny other  manufactures. 

In  the  art  of  dying  it  is  particularly  ufeful,  in 
the  preparation  of  the  matters  to  be  dyed ; for  by 
cleanfing  and  opening  the  pores  upon  the  furface 
by  a gentle  corrofion,  it  bQth  renders  the  fubftance 
fit  for  receiving  the  colouring  particles  (by  which 
the  alum  is  generally  decompofed)  and  at  the  fame 
time  makes  tl^e  colour  fixed. 

Y a 
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It  conftitutes  the  bafis  of  crayons,  which  gene- 
rally con  lift  of  the  earth  of  alum,  finely  powdered 
and  tinged  for  the  purpofe.  This  it  is  which,  in 
the  preparation  of  Pruffian  blue,  prevents  the  bafis 
of  the  martial  vitriol,  which  is  foluble  in  acids, 
from  being  precipitated  by  the  fuperfluous  alkali ; 
that  is,  the  alkali  not  fatu rated  with  the  colouring 
matter.  As  this  bafis  adheres  more  ftrongly  to  the 
vitriolic  acid  than  the  clay  does ; and  as,  by  the 
mixture  of  its  yellownefs,  it  would  form  a green, 
the  very  white  earth  of  alum  alfo,  according  to  its 
quantity,  dilutes  the  darker  colours,  even  black 
itfelf,  and  produces  infinite  degrees  of  intenfity. 
It  is  unneceffary  to  fay  more  of  its  ufeful  qualities. 

§11.  Brief  Hiftory  of  the  Preparation  of 

.Alum. 

The  oTUTT'/ifnct  of  the  Greek,  and  the  alumen  of 
the  Romans,  was  a native  fubftance,  and  differed 
much  from  the  fait  which  now  goes  by  thofe 
names.  The  varieties  of  alum  mentioned  by  Dio- 
fcorides  refer  to  ftala&ites,  which  contained  very 
little,  if  any,  alum ; and  that  completely  envelo- 
ped by  a vitriolic  matter.  The  defcriptions  of  Pli- 
ny are  ftill  more  difficult  to  be  underftood,  as  he 
had  not  feen  the  fubftances,-  the  defcription  of 
which  he  undertakes,  but  merely  tranfcribed  from 
the  writings  of  others. 

The  fa&itious  fait,  which  is  now  called  alum. 


was 
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was  firft  difcovered  in  the  eaftern  countries ; but 
when,  where,  and  by  what  means,  is  unknown. 
On  account  of  its  fimilarity  in  aftringency,  and  its 
ufe  in  the  arts  of  tanning  and  dying,  the  new  fait 
has  retained  the  old  name,  which  was  afterwards 
called  mify.  fory.  calcanthum,  or  fhoe-maker  s 
black. 

Among  the  mod  early  works  eftablifhed  for  the 
preparation  of  alum,  we  may  juftly  number  that 
of  Roccho,  a city  of  Syria,  now  called  Edefla  ; — 
hence  the  appellation  of  Roch  alum,  a name  which 
is  generally  fo  ill  underftood.  that  many  to  this 
day  imagine  that  it  is  the  fame  as  rock-alum.  In 
the  neighbourhood  of  Conftantinople  there  were 
many  alum-works,  as  alfo  at  Phocaea  Nova,  now 
called  Foya  Nova,  not  far  diftant  from  Smyrna. 
The  Italians  hired  and  made  ufe  of  many  of  thefe  ; 
but  about  the  middle  of  the  1 5th  century,  they 
introduced  the  art  into  their  own  country,  and 
that  with  the  greater  earneftnefs,  as  the  ufe  of  the 
fait  became  more  frequent,  and  occafioned  the 
drawing  large  fums  of  money  out  of  the  country. 

Bartholomew  Perdix,  or  Pernix,  a merchant  of 
Genoa,  who  had  often  been  at  Rocha,  difcovered 
the  matrix  of  alum  in  the  iiland  of  Ifchia,  about 
the  year  1459,  and  eftablifhed  a manufactory 
there  ; at  the  fame  time  John  de  Caftro,  who  had 
vifited  the  manufactories  at  Conftantinople,  difco- 
vered a matrix  at  Tolfa,  by  means  of  the  ilex  a- 
quifolium,  which  he  had  alfo  obferved  to  grow  in 
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the  adjacent  mountains  of  Turkey ; and  his  opi- 
nion was  confirmed  by  the  tafle  of  the  flones. 
The  attempts  made  by  the  Genoefe  at  Viterbium 
and  at  Volaterie,  fucceeded  extremely  well : the 
preparation  of  it  in  Italy  foon  increafed  wonderful- 
ly faff  ; and  the  induflry  of  the  natives  was  much 
flimulated  by  an  edict  of  Pope  Pius  II.  prohibiting 
the  ufe  of  oriental  alum,  and  appropriating  the 
revenue  arifing  from  that  made  in  Italy  to  carry- 
ing on  the  war  againft  the  Turks. 

But  the  art  was  not  confined  to  Italy  : in  the 
1 6th  century  a manufactory  was  eftablifhed  at 
Alcmaron  in  Spain,  in  the  neighbourhood  of  Car- 
thagena,  which  (till  fubfifts. 

There  were  many  manufactories  in  Germany  in 
1544,  of  which  that  at  Schwemfel  in  Mifnia  ftill 
remains.  Long  fince,  in  the  time  of  Agricola, 
alum  was  boiled  at  Commotau  in  Bohemia. 

The  firft  manufactory  in  England  was  eftablifh- 
ed in  the  reign  of  Elizabeth,  at  Giiborough,  by 
one  Thomas  Chaloner. 

The  art  of  preparing  alum  made  its  way  into 
Sweden  very  late ; and  although  we  have  now  no 
lefs  than  feven  manufactories,  not  one  of  them  was 
founded  before  the  17th  century. 

The  moft  ancient,  eftablifhed  in  Scania  at  An- 
drarus  in  *637,  had  twenty-two  fmgle,  or  twelve 
double  boilers.  (We  fhall  fee  hereafter  what  is 
meant  by  double  and  fmgle  boilers).  In  this  place 
the  llratum  of  aluminous  lchift  is  very  deep,  be- 
ing 
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ing  upwards  of  360  feet ; but  all  the  boilers  are 
not  ufed  every  year.  In  the  year  1765,  2,735 
ton  of  alum  were  manufactured  ; in  1766,  3,099; 
in  1 767,  2,423;  and  in  1768,  1,427.-- A ton  of 


alum  weighs  344  lb. 

At  Lofver,  near  Calmaria,  in  Stnoland,  another 
manufactory  was  built  in  the  year  1721;  there 
were  employed  in  this,  befides  one  boiler  for  pu- 
rification, only  four  double  boilers,  although  the 
patent  allowed  five;  much  inconvenience  being 
occafioned  by  bringing  the  mineral  from  Ocland, 
and  by  the  fcarcity  of  wood.  In  1765,  there  were 
made  1,020  ton;  in  1 766,  926;  and  in  1767, 
goo . — the  average  for  ten  years  was  1,000  ton. 

In  Weft  Gothland  there  are  four  ; the  firft  at 


Mulltorp,  near  the  town  of  Schaefde  ; this  has  on- 
ly two  fingle  boilers,  and  the  ore  is  in  the  neigh- 
bourhood. In  1 765  there  were  made  90  ton; 
in  1 766  no  more  than  71. 

At  about  half  a mile’s  diftance  from  Oltorp,  in 
the  diftrid  of  Dimbo,  a patent  was  granted  in 
1726,  for  three  fingle  boilers ; in  1765  were  made 

1 57  ton ; in  1766,  300. 

A third  at  Kafvelas  obtained,  in  1748,  a patent 
for  two  fingle  boilers;  to  which,  in  1765*  were 
added  two  more  ; — the  ore  is  diftant  a quarter  of 
a mile.  This  produced,  in  1765,  312  ton;  an4 
in  1766,  293. 

A fourth  at  Hcenfeeter  in  Kinekulle,  obtained  a 
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right  of  two  fingle  boilers  in  1766; — the  ore  is 
found  in  the  neighbourhood. 

I he  greated  manufa&ory  was  edablifhed  at 
Garphyttan,  in  Nericia,  in  the  year  1766,  with  a 
privilege  of  ten  fingle  boilers,  which  was  increa- 
fed  to  thirty  in  1769.  Here,  while  the  matrix  is 
burned.,  the  boiling  is  performed  by  means  of  a 
peculiar  condru&ion  of  the  furnaces  ; and  whe- 
ther we  confider  this  manufactory  with  refpeft  to 
the  greatnefs  of  the  works,  the  convenience  of 
the  apparatus,  or  the  goodnefs  of  the  alum  (which 
even  excels  the  Roman),  we  muff  acknowledge  that 
it  is  beyond  comparifon  fuperior  to  them  all. 

The  diftriCt  of  Ljung,  in  Oftro  Gothland,  has 
had  for  many  years  a privilege  of  boiling  alum; 
but  the  work  has  not  yet  been  fet  on  foot. 

Every  thirtieth  ton  goes  to  the  royal  revenue. 

A fingle  boiler  is  5!  feet  in  breadth,  1 1 in 
length,  and  in  depth  at  the  front  3,  at  the  rear 
<i~,  and  contains  1,663  kannes,  ancl  6 quadrants. 
The  double  boiler  is  of  the  fame  depth  and  length, 
but  is  ten  feet  broad,  and  contains  3,025  kannes. 

§ in.  Proximate  Principles  of  Pure  Alum. 

(a)  Alum  is  an-  imperfeCl  middle  fait,  confid- 
ing of  vitriolic  acid  and  pure  clay ; it  takes  up  a 
confiderable  quantity  of  water  in  crydallization  ; 
and,  if  the  procefs  be  not  interrupted,  yields  oc- 

taedral 
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taedral  cryftals,  which  are  tranfparent  and  colour- 
lefs  as  water. 

(b)  The  acid  is  a little  fuperabundant,  fo  as  to 
redden  the  tinfture,  and  even  the  paper  of  turn- 
fole.  This  excefs  of  the  acid  is  eflential ; for,  up- 
on taking  it  away,  all  the  tafte,  all  the  fol ability, 
and  all  the  original  properties  of  the  fait,  are 
loft  ( a ). 

The  proportion  of  the  principles  is  afcertained 
in  the  following  manner : — the  water  is  expelled 
by  a gentle  heat ; the  remaining  mafs  gro  ws  opake, 

(a)  M.  Morveau  will  not  admit  a fuperabundance  of 
acid  in  alum : he  thinks  it  would  be  necelfarily  feparated 
by  edulcoration  and  cryftallization,  when  it  is  no  longer 
held  by  its  affinity  with  the  earthy  bafe,  or  the  fait  itfelf, 
when  it  is  formed.  He  thinks,  that  the  change  of  blue 
vegetable  juices  to  red  is  not  an  unequivocal  proof  of  the 
prefence  of  an  uncombined  acid,  an  opinion  which  Mr 
Kirwan  has  alfo  adopted.  In  the  prefent  cafe  it  fhould 
be  remembered,  that  we  have  certain  proof  that  a portion 
of  vitriolic  acid  adheres  to  the  clay  lefs  tenacioufly  than 
the  remainder.  If  a piece  of  iron  be  put  into  a folution 
of  this  earthy  fait,  it  will  attraft  this  portion  of  acid,  and 
the  vitriolated  clay  will  fall  down  infoluble.  Now  we 
may  prefume,  that  this  loofely  adhering  acid  produces  the 
change  on  blue  vegetable  juices; — the  fame  thing  is  true 
of  phofphorated  calcareous  earth.  A folution  of  this  fait 
will  yield  the  fuperabundant  acid  to  a bafe  which  attradh 
jt  with  far  lefs  power,  and  then  the  middle  fait  will  be 
precipitated  infoluble ; fo  that,  in  both  thefe  cafes,  a 
quantity  of  acid  above  that  which  is  required  to  attain  the 
precife  point  of  faturation,  is  necelfary  to  folution  and 
cryftallization.  B. 

fwells. 
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fwells,  foams,  and  at  length  remains  quiet,  fpon- 
gy,  and  friable.  The  quantity  of  earthy  bafis  may 
be  determined  by  precipitation  with  fixed  or  vola- 
tile alkali.  In  this  way,  ico  parts  of  cryftallized 
alum  are  found  to  contain  38  of  vitriolic  acid,  18 
of  clay,  and  44  of  water  : let  it  be  obferved,  how- 
ever, that  the  earthy  precipitate  is  not  totally  de- 
prived of  its  acid ; for  when  the  alkali  is  added, 
the  fuperabundant  acid  is  firft  taken  up,  and  thus 
a great  part  precipitates,  its  acid  being  diminifhed, 
but  not  quite  abftra&ed ; and  hence  the  precipi- 
tate, by  the  afliftance  of  fire,  partly  decompofes 
feveral  hilts ; and  long  continued  digeftion  in  an 
alkaline  lixivium,  is  neceffary  to  feparate  all  the 
acid. 

(c)  Chymifts  have  differed  in  opinion  concern- 
ing the  nature  and  proper  name  of  the  earth  of 
alum.  Meflrs  Geoffroy  and  Hellot  firft  extracted 
it  from  common  clay  ; Dr  Pott  did  the  fame,  but 
fee  ms  to  confider  it  rather  as  a production  than  a 
reparation  : , at  length  the  celebrated  Margraaf,  by 
experiments  which  deferve  well  to  be  attended  to, 
demonftrated  that  all  clay  upon  the  furface  of  the 
earth  confided  invariably  of  two  principles  mecha- 
nically mixed,  one  of  which  forms  the  genuine 
earth  of  alum,  which  is  perfe&ly  different  from 
calcareous,  gypfequs,  or  metallic  earths,  and  from 
rnagnefia.  I am  not  certain  whether  this  may  be 
derived  from  the  calcareous  earth : to  determine 

this  point  I have  made  a great  number  of  experi- 
ments 


OF  THE  PREPARATION  OF  ALUM.  347 


ments  of  different  forts,  but  have  not  thence  been 
able  even  to  form  a conjecture.  Vague  fimilitudes 
in  certain  properties  are  never  fufficient  to  deter- 
mine a perfon  who  earneftlv  feeks  for  truth,  and 
is  not  {hackled  by  hvpothefis. — Since  then  the 
earth  of  alum  is  found  to  poffefs  different  proper- 
ties from  other  earths,  it  ought  to  be  diffinguifh- 
ed  from  them ; and,  fuppofing  it  in  reality  deri- 
ved from  the  calcareous  or  any  other  known  earth, 
yet  it  requires  the  addition  or  abftraCtion  of  fome 
other  principle ; for  the  bare  change  of  magni- 
tude or  figure  in  the  particles  will  never  account 
for  fo  great  a difference ; and  therefore  the  primi- 
tive and  derivative  earths  (luppofing  them  to  be 
fo)  muft  be  confidered  as  diftinct  and  feparate. 

Befides,  as  an  equal  quantity  of  the  earth  of 
alum  may  be  extracted  from  a given  common 
clay,  by  means  of  different  acids,  it  muff  be  only 
mixed  with  thefe  clays ; for  if  it  was  generated  by 
the  menffrua  during  the  operation,  it  would  no 
doubt  vary  both  in  quantity  and  quality,  accord- 
ing to  the  differences  of  the  menffrua  : but  the 
moft  accurate  experiments  prove  the  contrary, 
as  they  always  procure  the  earth  of  alum  the  fame 
in  quantity  and  quality,  and  the  very  fame  refi- 
duutn  ; and  fynthefis,  in  this  cafe,  produces  full 
conviftion : for  if  the  earth  of  alum,  and  a due 
proportion  of  filiceous  earth  finely  powdered,  be 
added  together,  they  regenerate  common  clay. 
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It  may  be  afked,  why  the  bafe  of  alum  is  con- 
fidered  as  a pure  clay  ? — The  anfwer  is,  That 
earth  which  is  called  clay  is  chiefly  diftinguiffled 
by  its  tenacious  and  plaflic  quality  when  moiften- 
ed,  by  its  cracking  when  dried,  and  finally  by  its 
acquiring  a flinty  hardnefs  in  the  fire.  Now,  as 
thefe  fpecific  properties  do  not  depend  upon  the 
filiceous  particles,  (which  are  not  capable  of  be* 
ing  either  foftened  or  hardened),  but  folely  upon 
the  earth  of  alum,  it  appears  molt  evident,  that 
the  filiceous  particles  might  be  abfent,  and  the  ar- 
gillaceous nature  remain  ; and  that  therefore  the 
refiduum  is  that  which  conftitutes  the  argillaceous 
nature.  Pure  clay,  it  is  true,  may  occur  in  the 
bowels  of  the  earth,  but  very  rarely  free  from  all 
filiceous  particles  ; and  the  variety  in  the  propor- 
tion of  this  latter  fhew  plainly,  that  its  prefence 
is  only  accidental : for  the  pure  clay  is  very  fub- 
tilely  divided,  and  very  readily  mixes  with  and  ad- 
heres to  heterogeneous  matters,  as  will  readily 
appear  upon  examination  ; yet  it  is  remarkable 
for  the  intenfity  of  its  properties.  Thus  common 
clay  often  contains  f , or  even  A and  upwards,  of 
filiceous  matter ; yet  the  fmall  portion  of  pure 
clay  which  is  prefent  is  able  to  imprefs  its  own 
chara&er,  and  communicate  its  own  qualities,  to 
the  whole  mafs,  fo  completely  that  no  one  can- 
doubt  of  its  argillaceous  nature.  By  common 
eonfent,  that  earth  which,  by  mechanical  waffling, 
without  the  addition  of  an  acid,  depofits  upwards 
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of  70  lb.  in  100  of  filiceous  matter,  is  called  clay. 
Now,  it  is  evident  that  this  foreign  fubftance,  by 
the  largenefs  of  its  quantity,  mult  temper  the  qua- 
lities of  the  pure  clay.  The  argillaceous  earth 
contra&s  by  heat  very  much,  even  to  half  its 
bulk : hence,  if  it  be  ufed  for  deling  or  plaifter- 
ing,  it  neceffarily  cracks,  and  feparates  from  the 
walls,  when  a fufficient  degree  of  heat  takes  place  ; 
nor  can  it  adhere  to  them,  unlefs  when  fufed,  an 
operation  which  pure  clay  cannot  be  made  to  un- 
dergo, even  in  the  focus  of  a concave  mirror ; but 
the  addition  of  filiceous  earth  reltrains  the  propen- 
fity  to  contra&ion  in  the  whole  mafs,  fo  that  it  re- 
mains of  due  dimenfion  ; and  this  property  is  well 
known  to  builders,  who  conftantly  avail  them- 
felves  of  it  (6).  He  who  attempts  to  make  well 
depurated  earth  of  alum  fufible,  by  mixing  it  with 

{b)  “ Clay  fo  much  burned  as  to  Ihike  fire  produces  the 
fame  effecft  as  flint ; which  proves,  either  that  flint  ferves 
like  any  other  matter  not  capable  of  contra&ing,  or  that 
by  burning  clay  approaches  the  nature  of  flint  : it  certainly 
undergoes  a confiderable  change  in  the  fire,  as  it  lofes  the 
property  of  being  diffufible  in  water.  Such  faffs,  known 
only  by  means  of  manufactures,  afford  very  little  infight 
into  nature,  till  chymiflry  has  examined  them  carefully.” 
Morveau — ' That  clay  does  not  change  its  nature  by  being 
burned,  appears  evidently  from  an  experiment  with  which 
M.  de  Morveau  was  feemingly  unacquainted  : — if  hardened 
clay,  fuch  as  cannot  be  treated  with  water,  be  diffolved  in 
vitriolic  acid,  and  then  precipitated,  it  regains  its  former 
properties,  and  may  be  diluted  by  water.  B. 


common 
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common  clay,  cither  confounds  the  clays  with 
others,  containing  not  a particle  of  clay,  or 
has  never  made  the  experiment. — L'he  fame  is 
true  of  other  pretended  qualities  : — alum  fwells* 
pure  clay  does  not — the  earth  of  alum,  deprived 
of  all  its  acid,  and  the  precipitating  alkali  adhe- 
ring to  it,  does  not  fufe  with  calcareous  earth, 
without  the  addition  of  a flinty  matter,  as  the  cele- 
brated Macquer  has  fhown  ; but  we  muft  take  care 
that  the  calcareous  earth  contains  no  flinty  matter, 
which  fometimes  happens  ; for  in  this  cafe  the  ex- 
periment will  fail,  becaufc  the  fmalleft  particle  of 
flint  communicates  a degree  of  fufibility  to  the 
two  ingredients. 

(d)  ioo  parts  of  cryftallized  alum  requires,  in 
a mean  heat,  1,412  of  diftilled  water  to  diffolve 
them,  but  of  boiling  water  only  75;  fo  that  a 
kanne  of  water,  in  a moderate  heat,  takes  up 
2,992  grains  of  alum,  and  by  a boiling  heat 
55  333. This  folution  has  a fweetifh  aflringent 

tafte. 

The  fpecific  gravity  of  alum*  computed  from 
the  increafe  of  bulk,  or  of  diftilled  water  into  which 
it  is  put,  is  2,071,  if  the  air-bubbles  produced 
during  the  folution  be  removed  ; but  if  they  are 
taken  into  the  computation,  1,757-  This  air  is 
not  taken  away  by  the  air-pump  ; but  if  heat  be 
applied  during  the  folution,  it  flies  off,  and  upon 
examination  is  found  to  contain  nothing  but  aerial 

acid.  § iv. 
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§ iv.  Aluminous  Ores. 

The  ores  from  which  alum  is  artificially  prepa- 
red are  of  two  kinds ; the  one  contains  the  alum 
already  formed,  the  other  its  proximate  principles, 
which  unite  on  roafting.  Thefe  muft  be  confi- 
dered  feparately  ; — and  we  fhall  firft  examine  the 
latter  fpecies,  as  being  belt  known,  and  molt  fre- 
quently met  with. 

(a)  The  aluminous  fchilf  is  nothing  more  than 
an  argillaceous  fchift  impregnated  with  a dried  pe- 
troleum, and  thereby  rendered  black.  The  oil  is 
eafily  extra&ed  by  diftillation  : if,  by  means  of 
menftrua,  we  analyfe  it  entirely,  many  ingre- 
dients appear;  namely,  an  argillaceous  martial 
fubftance,  often  amounting  to  a filiceous, 
forming  4 ; and  generally  alfo  a fmall  portion  of 
calcareous  earth  and  magnefia ; the  reft  is  all  py- 
ritous. 

During  the  roafting,  the  bituminous  part  is  ex- 
pelled, and  the  pyritous  decompofed  ; fo  that  a 
part  of  the  acid  adheres  to  the  iron,  and  the  reft 
to  the  pure  clay  : hence  are  produced  at  once 
alum  and  green  vitriol ; and  if  there  be  prefent 
any  calcareous  earth,  or  magnefia,  they  are  vi- 
triolated. 

Nothing  faline  is  extracted  by  w^ater  from  the 
fchift  before  the  roafting,  though  it  be  well  pow- 
dered ; nor  can  the  tafte  difcover  any  veftiges  of 
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a faline  matter  : hence  alfo  it  appears  to  be  gene- 
rated during  the  operation  ; and  for  that  purpofe 
nothing  feems  to  be  neceffary  but  the  prefence  of 
a pyrites ; this  fometimes  fhews  vihble  nuclei  of 
different  fizes,  but  is  generally  difperfed  through 
the  whole  mafs,  in  the  form  of  very  minute  par- 
ticles : the  goodnefs,  therefore,  of  the  ore,  is  to 
be  efti mated  by  the  fuitable  quantity  and  equal 
diftribution  of  the  pyrites. 

That  which  contains  the  pyrites  fo  copioufly 
that  it  is  vifible,  is  rejefted,  there  being  too  much 
iron  in  it — in  the  mean  time,  the  moft  denfe  and 
ponderous  is  moft  efteemed  ; the  weight  manifeft- 
ly  dilcovering  a pyrites,  without  which  no  alum  is 
obtained.  In  this  point  there  generally  occurs  a 
confiderable  difference,  which  arifes,  doubtlefs, 
from  the  unequal  diftribution  of  the  pyrites ; 
hence  a ftratum  adjoining  to  one  of  the  beft  kind, 
is  often  of  little  or  no  value.  The  ore  which  pro- 
duces lefs  than  4 lb.  in  100  does  not,  with  us,  pay 
the  expence  of  the  procefs. 

Sometimes  this  ore  produces  falts  without  the 
application  of  fire ; but  we  muft  obferve,  that  in 
this  cafe  it  is  never  found,  but  has  undergone  more 
or  lefs  of  a fpontaneous  calcination. 

A fmall  piece  expofed  to  fire  upon  a coal  with  a 
blow-pipe,  often  decrepitates  ; but  when  once 
made  thoroughly  hot,  it  frnokes,  with  a bituminous 
fmell,  and  eafily  melts  with  mineral  alkali  it  ef- 
fervefces  violently,  and  is  divided,  but  not  entire- 
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ly  diffolved  : it  is  taken  up  (though  {lowly)  by  the 
microcofmic  fait ; but  more  quickly  by  borax  : 
thefe  phasnomena  are  eafily  explained  from  its  com- 
pofition. 

This  ore  is  fometimes  found  naturally  divided, 
and  heaped  together,  under  the  forms  of  grains, 
or  of  coarfe  powder ; but  it  agrees  with  the  former 
in  nature  and  properties. 

(b)  The  other  fpecies  of  ore,  which  not  only  con- 
tains the  proximate  principles,  but  contains  them 
united,  is  only  found  in  volcanic  countries ; fuch 
is  that  which  is  employed  at  Tolfa,  near  Cincelles, 
for  boiling  that  fpecies  of  alum  which  is  called  Ro- 
man alum  it  is  probable  that  this  had  been  long 
hardened  by  the  fubterraneyus  fire,  and  penetrated 
and  whitened  by  the  vapour  of  the  phlogifticated 
Vitriolic  acid  (c)  : a ftony  mafs,  with  veins  of 
quartz,  and  extremely  hard,  is  alfo  found  in  that 
country  j that  which  is  void  of  flavour  very  rarely 
produces  alum  upon  elixation. 

It  fometimes,  though  rarely,  contains  calca- 
reous particles.  I have  feveral  pieces,  weighing 
in  the  whole  at  lead  half  a pound,  in  which  there 
is  not  the  flighted  trace  of  any  thing  calcareous  ; 
—upon  burning,  it  does  not  exhibit  the  lead  re- 
femblance  to  lime;  for  it  neither  generates  heat 
with  water,  nor  falls  into  a powder,  but  only 


(c)  De  Produ&io  Ignis  fubterranei. 

VOL.  I.  " 
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cracks  fo  much  as  to  alfift  the  efflorefcence  and  e- 
fixation. 

When  examined  by  the  blow-pipe,  it  does  not 
flow  of  itfelf;  with  the  mineral  alkali,  at  fir  ft  it 
fhews  a momentary  effervefcence,  but  is  not  divi- 
ded, much  lefs  dilfolved  ; with  borax  and  microcof- 
mic  fait,  it  effervefces,  and  is  at  length  all  taken 
up,  exa£tly  in  the  fame  manner  as  burned  alum. 
Thefe  phenomena  abundantly  fhew,  that  the  alum 
is  ready  formed,  but  inveloped  in  a large  quan- 
tity of  clay.  This  mineral,  therefore,  reduced 
to  a fubtile  powder,  and  treated  in  the  ufual  way 
with  vitriolic  acid,  is  almoft  all  converted  into 
alum,  which  could  not  be  the  cafe  with  calca- 
reous earth. — I found  that  the  fmall  portion  which 
remains  is  more  frequently  filiceous  than  gyp- 
feous  ( d ). 

At  Solfatara,  near  Naples,  the  old  lava  is  at 
prefent  whitened  by  the  phlogifticated  vitriolic  a- 
cid,  the  clay  is  changed  into  alum,  the  mafs  efflo- 
refces,  and  is  refolved  into  a white  earth,  from 
which  a faline  matter  is  extracted  by  water.  I 
examined  ioo  of  the  white  earth,  and  found  in  it 

(ci)  “ According  to  Mr  Monnet,  it  docs  not  contain 
alum  perfectly  formed  ; but  is  a combination  of  nearly  e- 
qual  parts  of  clay  and  fulphur,  which  is  reduced  to  alum 
daring  calcination,  by  cxpofure  to  air.  He  likewife  found 
a little  martial  earth,  to  which  he  afcribes  the  reddifh  co- 
lour of  the  alum,  and  a little  vegetable  alkali.”  { Journal 
Pkyjique,  Supplement , p-  338*).  Morveau. 

8 lb. 
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8 lb.  of  perfect  alum,  befides  4 of  pure  clay,  and 
the  refidue  was  filiceous : but  this  proportion  mud 
be  variable,  as  rain  diffolves  and  carries  off  thfi 
fait ; fo  that  the  proportion  of  filiceous  matter  con- 
tinually encreafes,  and  perhaps  in  fome  parts  the 
alum  is  entirely  wafhed  away. 

(c)  There  are  found  alfo  other  varieties  of  alu- 
minous ores.  In  Haffia  and  Bohemia,  this  fait  is 
obtained  from  wood  impregnated  with  bitumen. 
At  Helfmgborg,  in  Scania,  a turf  is  found,  con- 
fiding of  the  roots  of  vegetables,  mixed  with  nuts* 
draw,  and  leaves,  often  covered  with  a thin  py- 
ritous  cuticle,  which,  when  elixated,  yields  alum; 
nay,  the  fulphureous  pyrites  is  generally  mixed 
with  an  argillaceous  matter,  which  may  be  fepa- 
rated  by  mendrua.  To  that  at  Dylta,  in  Nericia, 
when  fulphur  is  fird  obtained  by  didillation  from 
the  pyrites,  and  afterwards  from  the  refiduum  ex- 
pofed  to  the  air,  till  it  efflorefces,  a green  vitriol 
is  elixated  ; at  length,  from  the  magidral  lixi- 
vium alum  may  be  obtained  : for  the  vitriol  being 
feparated  by  crydallization,  there  remains  alum, 
together  with  vitriol  fo  much  dephlogidicated,  that 
it  cannot  concrete ; the  bafe  of  this,  therefore, 
was  feparated  by  the  alkaline  lixivium  ; and  the 
folution,  properly  evaporated,  yielded  alum. 
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§ v.  The  Preparation  of  Alum  includes  a Num- 
ber of  Operations. 

After  the  foregoing  obfervations,  we  {hall  be 
able  the  more  eafily  to  underhand  the  different 
circumftances  neceffary  for  the  preparation  of 
aluin.  The  mechanical  parts  of  the  procefs  1 pafs 
over,  as  not  immediately  belonging  to  our  fub- 
jedt  The  fir  ft  chymical  operation  which  occurs 
is  one  of  the  chief ; namely,  the  preparation  by 
which  the  matrix  is  either  made  aluminous,  or  at 
leaft  fit  for  elixation  : the  next  is,  the  extra&ion 
of  the  alum  by  water,  then  the  cryftallization,  and 
finally  the  depuration ; unlefs  all  the  operations  be 
performed  both  with  {kill  and  accuracy,  the  alum 
obtained  will  be  deficient  either  in  quantity  or  qua- 
lity : we  (hall  therefore  examine  them  all  feparate- 
ly,  and,  by  diving  as  far  as  pofiible  into  the  nature 
of  them,  difeover  the  circumftances  neceffary  to  be 
attended  to. 

% 

q Vj.  The  Calcination  and  Roafling  of  the 

Ore. 

The  bituminous  ore,  in  its  found  and  natural 
Rate,  contains  indeed  the  vitriolic  acid,  and  the 
argillaceous  matter,  but  not  yet  combined  In 
order  that  the  pyrites  may  yield  its  acid  lor  that 
end,  it  is  nccefi'ary  that  it  fliould  be  deftroyed ; 
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and  this  may  be  effeded,  either  by  a flow  fponta- 
neous  calcination,  or  by  roafting ; which  laft  re- 
quires lefs  time. 

(a)  The  deftrudion  of  the  pyrites  its  neceflary, 
that  its  fulphur  may  be  deprived  of  phlogifton ; 
for  when  that  is  diflipated,  the  vitriolic  acid  being 
fet  at  liberty,  attacks  partly  the  iron,  partly  the 
clay : the  vitriol  generated  is  fo  far  deprived  of  its 
phlogifton  by  age,  that  clay  is  able  to  take  away 
the  menftruum  from  the  iron  (x.  e),  but  pyrites 
fuffers  no  fuch  change,  fo  long  as  it  remains  dry, 
and  (hut  up  from  the  accefs  of  free  air; — the 
conditions  then  neceflary  to  fpontaneous  calcina- 
tion are  eafily  found  to  be  the  following  : 

1 ft,  The  ore  ought  to  be  of  a loofe  texture, 
that  it  may  be  penetrated  by  the  air,  and  the 
moifture : the  Swedifli  ores,  on  account  of  their 
hardnefs,  can  fcarcely  be  treated  in  this  way,  un- 
lefs  they  be  firft  pulverized,  which  occafions  too 
much  trouble : but  the  earthy  ores  are  not  only 
unfit  for  this  purpofe,  but  for  roafting,  as  they 
extinguifh  the  fire. 

2dly,  That  there  be  a determinate  accefs  of 
moifture  and  air,  for  too  much  or  too  little  is  in, 
jurious ; — too  much  water  deluges  the  mafs,  and 
excludes  the  air ; too  little,  befides  being  infu^fH- 
cient  in  quantity,  ads  more  flowly ; and  upon 
thefe  circumftances  depends  the  proper  adjuft- 
ment  of  the  fize  of  the  heaps : a moderate  accefs 
of  air  is  moft  proper,  as  too  great  a one  dries  too 

£ 3 faft ; 
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faft  ; experience  only  can  determine  what  is  fit- 
ting upon  different  occafions. 

3dly,  The  bottom  on  which  the  ore  is  laid  for 
fpontaneous  calcination  fhould  be  of  clay,  or  at 
lead:  fo  compact  as  that  water  can  hardly  penetrate 
it,  and  befides  furrounded  with  a trench  to  re- 
ceive the  rain-water,  when  fuperabundant ; the 
Tides  and  bottom  of  this  trench  muff  be  fe  con- 
ftru&ed  that  they  will  not  buffer  the  elixated  fa- 
line  matters  to  pafs  off; — if  the  ore  be  fet  to  cal- 
cine in  a houle,  the  laft  caution  is  unneceffary. 
As  the  nature  of  the  ores,  and  local  circumflan- 
ces,  are  liable  to  much  variation,  general  rules 
cannot  be  eflablifhed,  but  the  operator  muff  be 
determined  pro  re  natd ; and  in  this,  whoever 
underftands  the  nature  of  the  materials,  and  of 
the  operation,  will  find  no  difficulty. 

(b)  The  mailing  is  effected  in  a much  fhorter 
time,  by  means  of  fire.  This  is  generally  pradli- 
fed  in  Sweden,  and  is  performed  in  the  following 
manner: — fma]l  pieces  of  the  black  fchiff  are 
ftrewed  upon  a layer  of  burning  flicks,  to  the 
thicknefs  of  half  a foot ; when  the  flicks  are  con- 
fumed  thefe  are  covered,  nearly  to  the  fame  thick- 
nefs, with  pieces  before  burned,  and  four  times 
elixated  : thus  flrata  are  alternately  laid  of  fuch  a 
thicknefs,  and  at  fuch  intervals  of  time,  that  the 
fire  may  continue,  and  the  whole  mafs  grow  hot 
and  fmoke,  but  not  break  out  into  flame  ; the 
ypper  flrata  may  fometimes  be  cncreafed  to  a 

double 
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double  thicknefs,  on  account  of  the  long  continu- 
ance of  the  fire;— when  about  8 ftrata  are  laid, 
another  row  is  placed  parallel  and  contiguous  to 
the  firft ; when  this  is  finiflied,  a third  ; and  fo 
on,  until  the  heap  is  of  a proper  fize — it  rarely 
confifis  of  more  than  to  rows.  Ihe  ore,  when 
only  once  roafted,  contains  (till  fo  much  phlogi- 
fton,  that  water  a<fts  but  little  upon  it ; but  when 
two  or  three  times  expofed  to  the  fire,  it  yields 
its  principles  more  freely ; — nay,  the  roafting  may 
be  repeated  to  advantage,  until  the  whole  is  redu- 
ced to  powder.  The  bitumen  fuftains  the  fire, 
and  it  is  for  this  reafon  that  we  ufe  alternate  lay- 
ers of  the  crude  fchift ; and  for  the  fame  reafon, 
in  rainy  weather,  the  ftrata  of  unburned  fchift 
fhould  be  thicker.  An  heap  20  feet  broad  at 
the  bafe,  2 feet  at  the  top,  and  confiding  of  26 
rows,  is  finiflied  in  two  or  three  weeks,  but  re- 
quires two  or  three  months  to  be  well  burned, 
and  three  weeks  to  cool ; — the  greater  pyritous 
nuclei  explode  like  bombs. 

By  a moderate  and  fo  me  what  fmothered  fire, 
the  fulphur  of  the  pyrites  is  flowly  confumed, 
and  the  phlogifticated  acid,  penetrating  the  mafs, 
is  fixed ; after  which  the  remaining  phlogifton  is 
gradually  diflipated.  The  chief  artifice  is  modera- 
ting the  heat  fo  as  to  avoid  with  fafety  the  two  ex- 
tremes ; namely,  left,  on  the  one  hand,  the  ore 
be  either  infufficiently  or  too  flowly  prepared  by  a 
weak  heat ; and  on  the  other,  left  either  the  ne- 
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ceffary  acid  be  difiipated  by  too  intenfe  a fire,  or 
the  pieces  of  fchift  melt  and  vitrify.  The  fcorise 
cannot  be  penetrated  by  water,  and  are  therefore 
reje&ed  as  ufelefs ; theie  are  occafioned  either  by 
violent  winds,  or  a ftrong  heat,  too  much  clofed  j 
for  holes  muft  be  opened  in  the  red  ftrata,  that 
the  fire  may  reach  to  the  black  ftratum  which  is 
to  be  laid  on. 

At  Garphyttan  a new  rqethod  is  employed,  de- 
pending upon  a peculiar  conftruction  of  the  fur- 
naces, invented  by  the  celebrated  Rintnan 

T here  the  ore  itfelf  is  fet  on  fire,  and  when  burn- 
ed is  boiled,  and  yields  alum  in  the  fame  manner 
as  when  burned  in  the  ufual  way  : 1 have  not  yet 
had  an  opportunity  of  comparing  the  lalts  produ- 
ced by  theft  two  methods ; — it  appears  probable 
that  more  of  the  acid  is  difiipated  by  the  open 
flame  : however,  although  lefs  fait  be  obtained 
in  the  lad  way,  yet,  with  refpett  to  fuel  and  la- 
bour, there  will  be  a conliderable  laving. — iiie 
heaps  are  thus  formed  : — firfl  the  lchift,  burning 
from  the  furnace,  is  laid  to  the  depth  of  four  feet; 
if  the  fire  be  flow,  wood  is  added;  then  a thin 
flratum  of  elixated  fchift ; the  third  confifts  of 
fchift  not  burned  ; and  the  fourth  of  elixated 
fchift,  a foot  and  a halt  thick ; alter  that  the 
burning  fchift ; and  fo  on  as  before. 

It  muft  be  confelled,  that  the  convenicncies  in 
this  procefs  are  Ion  ewhat  balanced  by  inconveni- 
encies ; for  fo  great  a quantity  of  fchift  is  rtqui- 

lite 
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fite  to  fuftain  the  flame,  that  it  cannot  all  be  elix- 
ated : hence,  fo  long  as  this  method  is  employed, 
we  have  an  heap,  which  can  never  be  ufed,  per- 
petually accumulating. 

In  fome  foreign  manufactories  fire  is  firft  em- 
ployed, and  afterwards  fpontaneous  calcination  ; 
it  is  impoflible  to  determine  generally  which  is  the 
belt  method,  as  that  entirely  depends  upon  the 
nature  of  the  ore,  and  other  circumftances. 

(c)  As  to  the  hard  ores  which  contain  no  bi- 
tumen (fuch  as  thole  of  Tolfa)  thefe  are  burned 
upon  wood  for  fome  hours,  like  lime-ftones,  un- 
til by  cracking  they  grow  pervious  to  water,  and 
efflorelce.  As  foon  as  the  flame  grows  white,  and 
the  fmell  of  phlogifticated  vitriolic  acid  appears, 
the  fire  is  extinguifhed.  When  the  ore  grows  cold 
thofe  particles  which  were  neareft  to  the  fire  are 
placed  outermoft,  and  thofe  which  had  been  out- 
ermoft,  within  ; and  the  fire  is  again  lighted.  It 
is  better  to  burn  too  little  than  too  much,  left  the 
vitriolic  acid  be  expelled : the  ore  is  fufticiently 
burned  when  it  can  be  broken  by  the  hands. — 
The  ore  is  then  heaped  up  near  certain  trenches, 
and  is  watered  about  five  times  a day,  and  parti- 
cularly when  the  fun  fliines  clear ; a continued 
rain  and  cloudy  fky  ruin  the  operation.  When 
the  ore  can  be  reduced  to  a pafte  in  the  hand,  it 
is  fit  for  boiling  (#). 

The 

(a  1 he  accounts  differ.  Mazeas  fays,  that  water  is 
poured  on  the  burnt  ore  14  days  [Scav.  Etrang.  t.  v.) 

Fou^eroux, 
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The  powdery  ore  fometimes  requires  no  prepa- 
ration, yet  at  the  manufactories  of  Puteoli  they 
frequently  enrich  it  in  this  manner : — they  heap 
up  the  larger  pieces,  where  the  vapours  of  phlo- 
gifticated  vitriolic  acid  break  forth,  and  when  well 
penetrated  with  this,  they  yield  a larger  quantity 
of  alum. 

§ vii.  Elixation  of  the  Ore. 

(a)  The  ore,  enriched  with  alum,  and  made 
pervious  to  water,  is  boiled,  and  that  in  various 
w,ays  at  different  places. — At  Puteoli  it  is  perform- 
ed in  the  mofl  commodious  manner : a leaden 
cauldron,  buried  in  the  ground,  is  filled  with  the 
ore  (which  is  often  dug  out  to  make  room  for  the 
cauldron)  and  water  being  poured  on,  it  foon  be- 
comes well  impregnated  with  alum  by  the  heat  of 
the  fun,  which  here  arifes  to  46°  ( b ).  At  Tolfa 
the  calcined  ore  is  thrown  into  the  cauldron,  and 

boiled. 

(b)  In  ours,  and  many  foreign  manufactories, 
a cold  elixation  is  performed.  1 fhall  give  fome 
account  of  the  method  which  was  ufed  at  Gar- 

1 

Fougeroux,  whom  1 have  generally  followed,  fays  40 
( Mem.  Paris. , 1766);  Angerlten,  14,  and  at  molt  10. 
So  alfo  with  refpeft  to  the  time  of  burning,  Ferber  fays 
it  is  3 hours,  Fougeroux  1 2 ; and  he  mentions  that  it  is 
repeated.  Ferber  fpeaks  of  urine  and  chalk  being  added, 
See.  Perhaps  the  procefs  was  different  at  different  times. 

(b)  Nollet  M«n.  Paris,  1750. 

v ' phyttan. 
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phyttan,  in  the  year  1772 -.-the  receptacles  de- 
ftined  for  this  purpofe  were  made  of  hewn  (tone, 
and  the  joints  clofed  by  fome  fit  cement  (in  other 
places  they  are  wooden  veffels) ; every  let  confid- 
ed of  four  fquare  receptacles  difpofed  in  a fquare, 
round  a fifth,  which  was  deeper  than  the  reft ; 
the  firft  receptacle  is  filled  with  roafted  fchift,  and 
(water  being  poured  on  it)  lies  for  24  hours ; 
the  water  is  then  drawn  off  by  a pipe  into  the 
fifth,  from  thence  into  the  fecond,  containing 
fchift  not  yet  wafhed  ; from  that,  in  like  manner, ; 
after  24  hours,  through  the  fifth  into  the  third, 
and  fo  into  the  fourth ; the  lixivium  then  is  con- 
veyed to  and  let  to  ftand  in  the  fifth  ; and  finally, 
from  thence  is  drawn  off  into  a veffel  appropriated 
to  its  reception  : — thus  the  fchift  is  wafhed  with 
frefh  water  four  fucceffive  times. 

In  other  places  (and  originally  at  Garphyttan) 
the  water  firft  paffes  over  the  fchift  that  has  been 
already  wafhed  three  times  for  fix  hours,  then 
that  which  lias  been  twice  wafhed,  next  what  has 
been  once  wafhed,  and  laftly,  the  ore  that  has 
been  juft  roafted.  The  perfons  who  fuperintend 
thefe  manufactories  think  that  the  alum,  which 
the  water  firft  palling  over  the  new  burnt  fchift 
takes  up,  perifhes  if  it  be  again  poured  on  that 
previoufly  elixated. — This  phenomenon,  if  it  be 
true,  is  worthy  of  attention  ; but  1 have  not  had 
an  opportunity  of  examining  it. 


(c)  Care 
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(c)  Care  fhould  be  taken  to  fave  fuel  as  much 
as  poflible ; it  is  therefore  of  great  moment  to 
have  the  lixivium,  before  boiling,  richly  impreg- 
nated with  alum ; for  the  more  rich  it  is  when 
poured  into  the  boiler,  the  fooner  it  is  cryflalli- 
zed : it  fhould  not  therefore  be  put  intb  the  boil- 
ers until  faturated  when  cold.  This  faturation  is 
neglected  in  fome  places,  where  every  thing  is 
tranfa&ed  without  deviating  from  the  manner  firffc 
ufed ; in  other  places  the  tafte  is  employed  as  a 
criterion  ; but  thofe  who  examine  more  accurate- 
ly, make  ufe  of  a balance  in  this  manner : — the 
weight  of  water  which  fills  a fmall  glafs  bottle  is 
divided  into  64  parts,  each  of  which  is  called  a 
panning ; and  the  quantity  by  which  the  fame 
bottle,  full  of  lixivium,  exceeds  it  when  filled 
with  water,  is  fuppofed  to  indicate  the  quantity 
of  fait  diffolved : and  thence  they  form  their  judge- 
ment (c). 

This  method,  properly  corrected,  is  fufficiently 
accurate. — The  divifion  into  parts  is  arbitrary ; 
but  the  moft  commodious  divifion  with  refpedl  to 
the  weights  in  ufe,  and  the  calculation,  ought  to 
be  cholen  : I fliall  therefore  give  fome  general  for- 
mulas : — let  the  capacity  of  the  bottle  expreffed  in 
cubic  inches  be  m;  n the  number  of  parts  into 
which  it  is  thought  proper  to  divide  it : let  a cubic 
inch  of  diflilled  water  weigh  422,5  grains  j then 


(c)  Aft.  Stockholm,  1743.* 
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the  weight  of  one  panning  will  = 4 22,5  — ; that 
of  the  whole  capacity  filled  with  water  422,5  m ,* 
that  of  alum  of  the  fame  bulk  as  a panning 
= 874,9  : when  the  lixivium  which  fills  the 

bottle  is  = 422,5  m -+-  422,5  it  is  then 
immediately  concluded  that  the  quantity  with 
which  the  water  is  loaded  is  = 422,5  ^ ; but 
erroneoufly,  for  recent  experiments  fiiew,  that 
falts  dilfolved  always  (d)  increafe  in  bulk  ; and  if 
this  be  always  done  in  the  fame  proportion,  and 
the  whole  increment  be  fet  down  aluminous, 
422,5  ^ -h  452,4^  = 874,9  will  exprefs  the 
true  quantity  diffolved.  And  in  general  if  p de- 
notes the  number  of  pannings  found  in  the  fcales, 
the  alum  contained  in  the  bottle  will  be  874,9 
and  in  the  kanne  87,490 

But  to  return  to  the  common  pra&ice  : — the 
perfons  who  fuperintend  the  works  contend,  that 
the  cold  lixivium  ought  to  be  made  no  richer  than 
when  the  fuperpondium  is  equal  45  pannings, 
which,  according  to  our  computation,  fhews  the 
water  to  be  loaded  with  — Gf  Rs  Gwn  weight. 
They  afiert,  that  if  the  fuperpondium  amounts  to 
6 pannings,  which  is  the  cryftals^are  depofited. 
Thefe  propofitions  cannot  hold  equally  good  du- 
ring the  whole  time  that  the  work  is  going  on,  as 


(</)  R.  Watfon.  Phil.  Tranf.  1770* 
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the  temperature  of  the  atmofphere  varies  much 
during  that  time.  We  (hewed  before  that  diddled 
water,  in  a moderate  heat,  takes  up  about  T'T  of 
its  own  weight,  which,  upon  computation  = 2f 

pannings,  therefore  jL  cannot  be  taken  up,  unlefs 
in  a heat  more  than  moderate.  But  we  mull  ob- 
ferve,  that  in  the  bituminous  minerals,  befides  the 
alum,  there  is  always  vitriol  of  iron,  which  is 
more  foluble;  there  is  alfo  fometimes  vitriolated 
magnefia  ; and  befides,  the  more  fubtile  earthy 
particles,  mixed  mechanically  during  the  opera- 
tion, remain  long  fufpended,  unlefs  the  lixivium 
be  filtered. 

The  water  is  generally  impregnated  by  a fuffi- 
cient  quantity  of  the  prepared  ore  : it  feems  pro- 
bable that  more  would  be  obtained  by  hot  than 
by  cold  water ; but  this  is  denied  by  thole  who 
daily  attend  thefe  operations  (<J). 

(d)  From  what  has  been  faid  it  appears  that 
the  gradual  operation,  as  it  is  called,  can  hardly 
be  ufed  to  advantage  in  the  alum  works,  as,  of 
all  the  contents  of  the  lixivium,  alum  is  the  moll 
difficult  of  folution. 

Congelation  is  here  of  no  ufe  ; for  water  fatu- 
rated  with  alum  freezes  almofl  as  readily  as  fimple 
water  : and  all  other  falts  prevent  congelation  more 
than  alum. 

(e)  M.  Morveau  wonders  that  an  aerometer  is  not  em- 
ployed, in  order  to  determine  the  concentration  of  the 
ley.  B- 


In 
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In  rainy  weather  the  lixivium  ought  to  be  well 
covered ; but  I do  not  find  in  any  manufactory 
provifion  made  for  this  accident. 

§ vin.  DecoClion  of  the  Lixivium  to  Cryflcil - 

lization. 

Let  us  now  fuppofe  the  firfl  fpring  boiling  be- 
ginning : the  frefh  lixivium,  of  a proper  {Length, 
is  brought  from  the  pits,  through  canals  made  for 
the  purpofe,  to  tlie  houfe  deftined  for  the  boiling; 
there  it  is  put  into  a leaden  boiler  ; at  the  back  of 
this  is  placed  a receptacle,  out  of  which  the  lofs 
fuftained  by  evaporation  is  continually  fupplicd  ; 
fo  that  by  this  artifice  the  furface  of  the  lixivium 
in  the  boiler  neither  rifes  nor  falls,  but  continues 
at  the  fame  height. 

Some  take  the  floating  of  a newly  laid  egg  as 
a token  of  boiling  being  finifhed.-^-The  lpecific 
gravity  of  fuch  an  egg  is  about  1,081  ; but  in  a 
few  days,  efpecially  in  warm  weather,  it  fuffers  a 
confiderable  change  : — but  fuppofing  its  fpecific 
gravity  conftant,  yet  a confiderable  difference  will 
occur,  unlefs  the  magnitude  of  the  part  above  the 
water  be  afeertained. 

Others  drop  a fmall  quantity  on  a plate,  and 
obferve  whether  it  cryflallizes  on  cooling. 

Finally,  others  weigh  the  lixivium  in  the  bottle 
above  mentioned,  and  confider  the  boiling  finifh- 
ed,  if  the  increment  of  weight  be  equal  to  2® 

pannings ; 
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pannings ; that  is  (according  to  our  computa- 
tion) if  the  water  be  loaded  with  ~ its  own 
weight.  Now  we  faw  that  it  could  take  up  above 
f its  own  weight  ($  n.)  that  is,  nearly  equal  to 
27  pannings ; but  the  lixivium  cannot  be  fo  much 
loaded,  as  it  mull  be  depurated  by  Handing  quiet* 
before  any  cryffals  form  ( /'). 

d he  lixivium,  fufficiently  concentrated  by  eva- 
poration, flows  through  channels  into  coolers, 

{/)  Nothing-  would  be  more  advantageous  for  judging 
with  precifion  concerning  the  degree  of  boiling  which 
the  leys  have  undergone,  than  the  aerometer.  This  in- 
ftrument  Ihould  be  made  of  metal,  that  it  might  be  lefs 
liable  to  be  broken  ; it  ffiould  have  fufficient  ballaft,  that 
it  might  fink  into  the  liquor,  and  Hand  upright ; and  after 
having  once  marked  upon  the  Item  the  degree  at  which  it 
ftands  in  a ley  fufficiently  concentrated,  it  might  be  hit 
again  with  certainty,  and  the  flightelt  infpeftion  would 
be  fufficient.  I contrived  fuch  an  one  fix  or  feven  years 
ago  for  a fugar  refinery  ; a procefs  in  which  the  degree 
of  boiling  is  itill  more  important.  This  was  determined 
before  by  putting  a drop  of  the  liquor  upon  the  nail,  and 
drawing  it  out  into  a filament,  to  expofe  it  more  com- 
pletely to  the  contadl  of  the  air  ; infomuch  that  the  moif* 
ture,  heat,  and  agitation  of  the  atmofphere,  befides  other 
accidental  circumftances,  concurred  to  render  this  fign 
Very  equivocal.  The  condu&or,  of  the . work  allured  me, 
that  this  inftrtiment  had  been  very  ufeful  to  him  ; and  I 
know  that  it  was  afterwards  introduced  into  other. re- 
fineries. M.  Baume  had  before  advifed  the  ufe  of  it,  in 
order  to  judge  of  the  infpiflation  of  fyrups  ■(.£/.  de  Phar - 
inacie,  p.  555.).  Morveau. 
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where,  in  about  an  hour,  it  is  freed,  by  depofi- 
tion,  from  the  grofler  heterogeneous  particles ; it 
is  then  put  into  either  {tone  or  wooden  receptacles. 
In  eight  or  ten  days  the  lixivium,  commonly  called 
magiftral  water,  flows  into  another  veflel,  leaving 
behind  a number  of  cryftals,  generally  fmall  and 
impure,  which  incruft  the  bottom  and  fides  of  the 
veflel.  Thcfe  are  collected,  and  walhed  from  the 
impurities  which  adhere  externally,  with  cold  wa- 
ter : the  impurities  remaining  in  the  refervoir  af- 
ter walking,  are  kept  by  themfelves. 

(b)  The  Walhed  cryftals  are  put  into  the  boiler 
ufed  for  depuration,  and  are  diflolved  in  a quan- 
tity of  water  fo  fmall  that  it  may,  when  boiling,  be 
able  to  take  up  all  the  fait,  and  be  fufficiently  load- 
ed with  it : the  lixivium  is  then  poured  out  into 
a great  tub,  which  holds  the  fame  quantity  as  the 
boiler  does.  After  16  or  j 8 days  the  hoops  of  the 
tub  are  loofed,  and  the  aluminous  mafs  is  bound 
with  an  iron  ring : after  28  days  the  refiduum  of 
the  folution  is  let  out  through  a hole,  and  colleft- 
ed  in  a trench ; the  aluminous  mafs,  then  dried, 
is  called  depurated  alum,  and  amounts,  at  Gar- 
phyttan,  to  26  tons. 

(c)  Let  us  now  look  to  the  boiler  emptied  for 
the  firft  cryftallization.  This  is  dire&ly  filled  two 
thirds  with  the  magiftral  lixivium,  which  is  brought 
to  the  boiling  point ; and  as  foon  as  it  arrives  at 
that,  the  empty  third  is  loaded  with  the  crude  li- 
xivium, with  which  alfo  the  wafte  of  evaporation 
is  continually  fupplied.  The  boiling  being  finifli- 

Vol.  I.  A a ed, 
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ed,  a certain  quantity  of  aluminous  impurities  is 
added,  after  the  folution  of  which,  by  continual 
agitation,  the  lixivium  is  let  out  as  before.  The 
firft  boiling  in  the  fpring,  is  performed  with  the 
crude  lixivium  alone ; the  reft  in  the  way  above 
defcribed. 

As  to  the  time  required  for  cryftallization,  it 
may  without  doubt  be  fhortened,  efpecially  when 
the  furface  is  fmall  with  refped  to  the  mafs,  as  is 
the  cafe  in  our  manufactories  ; for  the  refervoirs 
ufed  in  the  firft  cryftallization  are  deep  and  very- 
narrow  at  the  top,  and  the  fame  is  the  cafe  to  this 
day  in  the  fecond  cryftallization.  The  heat  of  the 
mafs,  therefore,  being  reduced  to  the  temperature 
of  the  furrounding  atmofphere,  the  evaporation, 
and  of  confequence  the  depofition,  is  very  flow, 
except  when  the  weather  is  exceeding  warm,  and 
befides  the  doors  and  windows  fo  difpofed  that  a 
current  of  air  continually  runs  along  the  furface. 
The  cafe  is  quite  different  in  fmall  experiments, 
efpecially  in  conical  glafles,  where  the  lurface  is 
very  large  with  refpect  to  the  mafs.  In  Italy  coni- 
cal refervoirs  are  ufed,  and  indeed  with  the  great- 
eft  propriety. 

(d)  In  order  to  obtain  the  alum  more  pure  at 
the  fecond  cryftallization,  in  fome  places  additions 
are  employed,  fuch  as  alkalis,  lime,  or  urine;  for 
the  experience  of  many  years  has  ihewn,  that  the 
lixivium  fometimes  acquires  fuch  a confiftence,  ; 
that  it  both  cryftallizes  with  difficulty,  and  produ- 
ces impure  cryftals : pot-a(hes,  particularly,  were 
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ufed  to  prevent  this  inconvenience,  becaufe  the 
acid  is  fuperabundant.  Pot-afhes  and  lime,  either 
burnt  or  crude,  abforb  the  acid ; and,  if  added  in 
proper  proportion,  diminifh  the  quantity  of  hete- 
rogeneous noxious  matter,  by  precipitating  them! 
this  will  appear  clearly,  from  confidering  the  na- 
ture of  the  lixivium  ; but  urine  has  no  effect,  ex- 
cept in  fo  far  as  it  contains  volatile  alkali.  It  is 
not  to  be  denied,  that  new  falts  are  in  this  cafe 
mixed ; namely,  vitriolated  vegetable  alkali,  or 
others,  according  to  the  nature  of  the  additament  5 
thefe  are  undoubtedly  more  harmlefs  than  thofe 
which  are  taken  away,  but  yet  are  not  to  be  fold 
for  alum; 

(e)  The  Roman  alum  has  been  confidered  as 
the  befl  fort : at  Brunfwick  fome  time  fmce  they 
began  to  manufafture  a fpecies  of  alum,  which, 
if  we  give  credit  to  report,  may  properly  be  fub- 
ftituted  for  the  Roman.  I have  examined  this 
alum  chymically,  and  found  it  mixed  with  co- 
balt (/).  I have  no  doubt  but  the  ore  of  cobalt 
xoaffed,  is  mixed  with  the  lixivium ; for  in  that  cafe 
the  difengaged  acid  attacks  the  metallic  calx,  and 
forms  a rofe-coloured  folution,  which  gives  a tinge 
to  thecryftals.  Hns  alum,  dilfolved  in  water,  yields, 
upon  adding  a fixed  alkali,  an  urinous  fait  j with 
phlogifticated  alkali,  diicovers  iron,  but  not  co- 
balt ; which  lalt  is  manitcfted  by  the  violet  colour, 
on  fufrng  the  precipitated  bafe  with  borax  : - — it;  is 

(/)  I fee  that  Erxlcben  his  bbfcrved  this  ift  his  Eflhys. 

A a 2 diftinguifhed 
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diftinguifhed  from  the  Roman  alum  by  its  cryftals, 
which  are  all  tinged,  acerb,  and  lefs  acid  than  the 
Roman.  A cryflal  of  Roman  alum  expofed  to 
heat  by  the  blow  pipe,  foon  grows  opake,  fwells, 
and  foams,  but  a lpongy,  immoveable,  white  mafs 
loon  appears ; whereas  the  Brunfwick  fwells  lefs, 
hardly  foams,  but  melts,  and  at  laft  grows  green; 
befides,  from  the  very  beginningi  it  fends  forth 
copioufly  an  arfenical  fmoke. 

I do  not  deny  that  I have  fometimes  got  a green 
glafs  from  the  rofe-coloured  bafe  of  alum,  which 
would  indicate  the  prefence  of  cobalt, .if  it  always 
happened  ; but  after  once  finding  it,  I have  tried 
i oo  times  again  to  no  purpofe  : what  this  colour- 
ing principle  is,  is  (till  doubtful ; but  we  know 
for  certain  that  the  goodnefs  of  the  alum  does  not 
depend  upon  it. — I have  not  yet  had  an  opportu- 
nity of  examining  the  ufe  of  Brunfwick  alum  in 
dying  Of). 

(f)  At  Tolfa  the  lixivium,  agitated  in  a veffel, 

(g)  I have  already  mentioned  Mr  Monnet’s  conje&ure 
concerning  the  caufe  of  the  reddifh  colour  of  Roman  alum. 
By  analyfmg  the  beautiful  red  felenite  from  Montalier  in 
Franche  Comte,  which  is  cryftallized  in  fliining  lamella-, 
and  from  which  I have  obtained  iron  in  its  complete  ftate. 
I am  convinced,  not  only  that  this  metal  can  communicate 
all  the  (hades  of  this  colour,  but  alfo  that  it  adheres  very 
tcnacioufly  to  vitriolic  earthy  falts  ; for,  after  boiling  this 
felenite  in  diftilled  water,  and  filtering  the  folution,  a dc- 
pofition,  having  a flight  tinge  of  this  kind,  took  place  as 
the  liquor  cooled.  Morveau. 
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is  infpiflated  by  boiling  for  24  hours  f/z);  this 
being  done,  the  fire  is  extinguifhed,  the  earthy 
parts  are  taken  away  by  inftruments  provided  tor 
the  purpofe,  and  the  liquor,  after  being  cleared 
by  fubfidence,  is  let  out  by  a cock  into  a recep- 
tacle made  of  oak;  there  it  cryftallizes  for  14 
days;  it  is  then  let  off  into  fhallower  receptacles, 
where  it  depofits  more  cryftals ; and,  finally,  is 
let  out  in  the  magiftral  trench.  In  this  procefs  no 
depuration  is  effedted  by  cryftallizing  ; and  there- 
fore the  Roman  alum  contains  in  100  lb.  upwards 
of  51b.  of  a rofe  coloured  earth: — 100  of  the 
ore  never  yields  2 lb.  of  alum. 

The  magiftral  lixivium  appears  un&uous,  and 
difficultly  forms  cryftals ; yet,  in  broad  and  ffial- 
low  veflels,  it  yields  genuine  alum,  although  a 
flow  fpontaneous  evaporation  is  neceflary. 

At  Puteoli  the  lixivium  digefted  by  the  folar 
heat  forms  at  length  on  the  furface  cryftals,  which, 
being  collected  in  a conical  ftone  receptacle,  are 
again  diffolved  in  warm  water;,  and  there,  the 
evaporation  going  on  by  the  natural  heat,  more 
pure  cryftals  are  formed:  in  this  cafe  the  ore 
yields  more  than  40  lb.  of  alum  in  1 00,  but  gene- 
rally mixed  with  iron. 

{h)  Travellers  do  not  agree  concerning  the  metal  of 
which  the  boiler  is  made.  Angerften  fays  that  the  bot- 
tom is  of  copper,  and  the  fides  of  ftone,  Ferber  mentions 
• coPPer  only,  Fougcroux  fays  the  bottom  is  of  lead,  Ma- 
Z£as,  that  the  boiler  is  of  lead. 
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§ IX. 


In  order  to  difcover  the  differences  of  the  feve-s 
rol  lixivia  more  accurately,  I began  by  examining 
the  three  principal ; thefe  are,  that  which  is  made 
of  the  roafted  ore,  faturated  with  lalt  in  the  cold, 
-and  which  is  called  the  crude  lixivium  ; that  lixi- 
vium which  remains  after  the  fecond  cryftalliza- 
tion  of  the  alum ; and,  finally,  the  lad  lixivium, 
which  is  commonly  called  magiftral.  Thefe  lixi- 
via mult  neceffarily  differ  more  or  lefs  in  different 
places,  according  to  the  nature  of  the  ore  employ- 
ed, and  the  varieties  of  the  operation : and  even 
fuppofing  the  ore  to  be  the  fame,  and  equally 
roafted,  yet  the  firft  is  the  richer,  from  the  greater 
heat  of  the  atmofphere ; the  fecond,  through  the 
whole  year  fuffers  the  fmalleft  variation  ; and  the 
laft  the  greateft,  as  being  from  the  beginning  of 
fpring  till  late  in  autumn,  continually  loaded  with 
foreign  matters ; therefore,  although  a great  va- 
riety neceffarily  occurs,  yet  it  will  be  uftful  to 
confider  a let  of  experiments  which  were  made 
upon  lixivia  got  at  Garphyttan  in  the  month  of 
September  1776?  and  carried  well  corked  to  Up* 
fal. 


(a)  The  fpecific  gravity  of  the  crude  lixivium, 
in  a moderate  heat,  was  to  that  of  diftilled  water 
as  245  tp  215:  this  fpecific  gravity  indicates  9 
pannings. 

f At 


OF  THE  PREPARATION  OF  ALUM.  375 


At  the  bottom  of  the  bottle  was  collected  a yel- 
lowifh  powder ; the  lixivium  was  yellow,  a little 
greenifh,  had  an  aluminous  tafte,  but  fo  me  what 
auftere  and  earthy.  Paper  tinged  with  turnfole 
grew  red  when  wetted  with  this  lixivium;  but 
the  deep  blue  paper  ufed  for  fugar  was  not  chan- 
ged. 

Phlogifticated  alkali  immediately  precipitated 
a Pruflian  blue,  in  the  proportion  of  930  grains 
to  the  kanne : this  indicates  nearly  809  grains 
of  vitriol. 

Fixed  alkali,  dropped  in  by  degrees,  precipi- 
tated firft  a ferruginous  yellowifh  powder,  then  a 
white  one ; but  that  which  falls  on  the  addition 
of  a few  of  the  firft  drops,  is  by  degrees  again 
diffolved  ; hence  we  may  judge  of  the  fupera- 
bundance  of  acid; — how  great  that  fuperabun- 
dance  i^s,  we  (hall  fee  in  the  fequel : — the  acid  of 
fugar  occafioned  no  change. 

In  this  lixivium  there  are  prefent  vitriol,  alum, 
and  vitriolated  magnefia ; falts  which  are  not  lepa- 
rable  from  one  another,  but  with  great  difficulty. 
I firft  tried  to  effeft  this  feparation  by  fpontaneous 
evaporation  ; when  this  can  be  done,  diftinft  cry- 
ftals  generally  appear  (a  very  long  time  is  indeed 
requihte) ; and,  in  the  mean  time,  the  atoms 
which  float  in  the  atmofphere  mix  with  the  liquor  ; 
but  to  avoid  thefe  inconveniencies,  I ufe  broad 
veflfels,  which  expofe  a large  furface  to  the  air. ; and 
as  evaporation  proceeds,  cxteris  paribus , in  pro- 

A a 4 portion* 
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portion  to  the  furface,  the  delay  is  much  dimi- 
nifhed.  In  order  to  exclude  duft,  a very  thin 
filk,  or  a large  glafs  bell,  may  be  put  over  the 
liquor  : by  this  method  I obtained  from  a kanne 
of  the  lixivium  1,933  grains  of  cryftallized  alum, 
and  of  a Ihapelefs  acid  faline  mafs,  5,790  grains  ; 
thefe  were  dried  upon  bibulous  paper  ; — even  the 
cryftals  themfelves,  upon  the  addition  of  phlogi- 
fticated  alkali,  yielded  Pruflian  blue;  I therefore 
tried  another  method  of  feparating  the  lalts,  and 
that  with  better  fuccefs : — 

I firft  precipitated  the  iron  with  phlogifticated 
alkali,  then  the  earthy  part  with  fixed  alkali,  in 
order  to  take  up  the  fuperabundant  acid  ; 1 again 
dififolved  this  earth,  when  walhed,  in  vitriolic  acid, 
the  gypfum  remained  at  the  bottom ; I weighed 
the  liquor,  filtered,  cryftallized,  and  dried ; I to- 
tally deftroyed  the  aluminous  part  of  the  lalt  re- 
maining, by  chalk  ; and,  finally,  filtered  and  cry- 
ftallized the  liquor  which  remained ; this  produ- 
ced nothing  but  vitriolated  magnefia. 

I determined  the  quantity  of  fuperabundant 
acid  in  the  following  manner  : I added  fmall  pie- 
,ces  of  cryftallized  fal  fodae,  thefe  foon  grew  red 
from  the  precipitated  iron,  but  were  loon  diffol- 
ved  : I continued  to  add  the  alkali,  until  fome  re- 
mained undifl'olved ; at  the  fame  time  1 fatu rated 
a known  weight  of  that  vitriolic  acid,  commonly 
called  oil  of  vitriol,  with  the  fame  alkali,  and 

hence 
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hence  learned  to  compare  the  fuperabundance  with 
the  quantity  of  this  oil. 

Thefe  experiments  (hewed  that  there  were,  in 
each  kanne  of  the  crude  lixivium,  15  grains  of 
gvpfum,  3,889  of  vitriolated  magnefia,  2,933  °f 
alum,  809  of  martial  vitriol,  and  fo  much  difen- 
gaged  acid  as  was  equal  to  72  grains  of  common 
oil  of  vitriol. 

The  vitriol  of  iron  which  appears  here  is  of  a 
peculiar  nature,  for  the  lixivium  does  not  depolit 
an  ochre  on  boiling,  or  on  fpontaneous  evapora- 
tion to  drynefs,  but  holds  its  colour  perfcdf ; yet 
that  it  contains  iron  very  much  dephlogifticated, 
is  eafily  gathered  from  the  ferruginous  colour  of 
the  martial  precipitate,  occafioned  by  a fixed  al- 
kali : the  cafe  is  very  different  with  a folution  of 
common  vitriol. 


§ x. 

From  the  preceding  paragraph,  it  evidently  ap- 
pears, that  there  is  prefent  in  the  lixivia  a greater 
quantity  of  acid  than  is  neceffary  for  the  forma- 
tion of  alum.  The  queftion  is,  whether  this  im- 
pedes the  cryflallization,  or  promotes  it  ? Many, 
among  whom  is  the  celebrated  Margraaf,  affert 
the  former  ; but  an  experiment  publifhed  in 
17445  by  Mr  Baron,  fuggefted  the  latter  opinion 
to  lome.-' The  experiment  is  this : concentrated 
vitriolic  acid,  added  in  large  quantity  to  a folution 

of 
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of  alum,  precipitates  the  alum,  by  feizing  the  wa- 
ter ; which  being  quickly  crydallized  in  this  in- 
tenfely  acid  folution,  frequently  exhibits  crydal- 
line  fpicul£e,  or  needles  diverging  from  a point, 
like  (tars.  This,  in  the  fame  circumftances, 
happens  to  many  falts : — highly  concentrated 
vitriolic  acid  is  able  to  take  away  from  alum  not 
only  the  water  of  folution,  but  the  water  of  cry- 
flallization.  Let  a tranfparent  piece  of  alum  be 
put  into  fuch  an  acid,  and  in  a few  minutes  it  will 
be  found  to  grow  white  and  opaque : thus  we 
have  what  may  be  called  alum  calcined  by  the 
humid  way  ; and  this  phenomenon  is  a ted  of  the 
perfect  concentration  of  vitriolic  acid. 

But  in  the  prefent  cafe  there  is  no  quedion  of 
fo  great  a quantity  of  acid  as  is  able  to  take  away 
from  the  fait  its  dilfolving  water : the  molt  highly 
concentrated  vitr  iolic  acid  feems  to  be  faturated 
with  about  double  its  weight  of  water  (at  lead  it 
attra&s  no  more  from  the  atmofphere):  but  we 
are  now  enquiring  concerning  a quantity  which 
has  united  to  it  far  more  than  twice  its  weight  of 
water,  which  therefore  mud  adhere  but  loofely, 
as  being  fuperabundant. 

Every  day’s  experience  {hews  that  vitriolated 
vegetable  alkali  and  gypfum  are  more  copioully 
diffolved,  if  the  water  be  diarpened  by  a finall 
portion  of  vitriolic  acid  ; nay,  the  nitrous  acid  has 
the  fame  efFeft ; and  in  general  this  holds  good  of 

all 
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all  falts  hitherto  known,  excepting  only  tartarized 
tartar,  and  thofe  which  agree  with  it  in  qualities ; 
for  this  fait,  when  the  proportion  of  acid  is  en- 
creafed,  degenerates  into  tartar,  which  is  far  more 
difficult  of  folution.  It  would  be  fcarce  worth 
while  to  demonftrate  that  alum  agrees  with  the 
other  falts  in  this  refpeft,  were  it  not  that  it  has 
been  called  in  queftion. — What  follows,  will,  I 
hope,  elucidate  that  matter  fufficiently  (/). 

(a)  I chofe  12  glaffes  of  a conical  figure,  as 
nearly  fimilar  and  equal  as  poffible  ; to  the  firft,  I 
did  not  add  any  vitriolic  acid  ; in  the  fecond,  I 
put  4 drops ; in  the  third,  6 ; and  fo  on,  as  the 
following  table  (hews ; where  the  column  marked 
number  of  ghjfes  ffiews  the  number  of  drops  put 
into  each — (ico  drops  weigh  about  1 13  grains). 
This  being  done,  an  equal  meafure  of  a folution 
of  alum  filtered,  was  put  into  each  glafs  : — I em- 
ployed Roman  alum,  and  therefore  filtering  was 
neceffary,  to  feparate  the  earthy  part.  The  glaffes 
were  fet  in  a place  where  the  thermometer  flood 
during  the  whole  experiment  (which  lafted  25 
days)  between  6°  and  io°  : after  the  iff,  2d,  6th, 
and  25th  days,  whatever  was  found  cryftallized 
was  taken  off  with  a filver  fpoon,  and  dried  for  10 
hours,  upon  a bibulous  paper  folded,  and  was  then 
weighed.  In  order  to  avoid  fractions,  I exprefs 


(/)  See  the  Stockholm  Tranfa&ions,  in  which  I firft 
publifhed  thefe  experiments. 
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the  weights  in  docimaftic  pounds,  400  of  which 
are  equal  to  215  grains. 


Number  After  ift  After  2d 

After  6th  After 

Sum 

of  glaues. 

day. 

day. 

day. 

25th  day. 

total. 

O 

5° 

5 

3 

18  = 

761b. 

4 

39 

*3 

2 

I?  = 

75 

6 

38 

1*4 

2 

18  = 

694- 

8 

3° 

14 

*i 

16  — 

6if 

12 

3° 

13 

1 

17  = 

61 

16 

20 

19 

1 

18  = 

58 

20 

20 

164- 

1 

20  = 

574- 

24 

14 

22 

1 

20  = 

57 

3° 

14 

22 

i 

20  = 

57 

40 

*5 

181 

1 

23  = 

574 

50 

12 

23 

i, 

V 

23  = 

584 

100  " 

16 

25 

V 

o' 

24  = 

654 

(b)  I repeated  the  experiment,  only  making 
ufe  of  five  glades ; into  each  I put  one  half  the 
meafure  of  filtered  folution  of  alum,  and  the  num- 
ber of  drops  of  the  acid  indicated  in  the  firft  co- 
lumn beneath  : 100  drops  now  weighed  about 

924.  grains.  The  experiment  took  up  23  days  j 
at  the  end  of  which  time  all  the  moifture  in  the 
firft  glafs  had  evaporated.-— <The  temperature  was 
between  150  and  20°. 


1 


Number 
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Num- 
ber of  After 


glafles. 

1 11  day. 

7 day9. 

12. 

23- 

Total. 

O 

I99 

30  grs. 

f f 

44lb. 

561b. 

= 3291b. 

25 

190 

21  - 

52 

64 

— 327 

50 

29 

53 

66 

— 320 

75 

166 

l7 

S2 

67 

= 3°2  . 

100 

163 

2 6 

5° 

58 

- 297 

Hence  it  eafily  appears,  that  the  fmalled  addi- 
tion of  acid  impedes  the  crydallization.  A com* 
parifon  of  the  3d,  4th,  and  5th  column,  will  in- 
deed {hew  many  irregularities,  which  may  be  ex- 
hibited by  a curve,  by  erefting,  perpendicular  to 
the  axis,  ordinates  proportioned  to  the  number  in 
each  column,  and  by  taking  the  abfciffae  propor- 
tional to  the  numbers  in  the  fird  column.  Thefe 
inegulaiities  can  hardly  depend  entirely  on  the  in- 
equality of  the  cups  > but  undoubtedly  they  de- 
pend, at  lead  in  part,  upon  the  different  relative 
proportions  of  the  alum,  water,  and  acid;  be- 
hdes,  a perfect  equality  cannot  be  preferved  in  a 
number  of  drops  : but  this  does  not  affed  the  ge- 
neral conclufion  ; for  if  by  accident,  where  the 
difference  is  fmall,  4 fhould  — 6 in  weight,  this 
will  not  happen  where  the  difference  is  greater, 
without  remarkable  negligence. 

Betides,  I took  as  much  care  as  poffible  that 
the  folution  poured  into  the  laft  giafs  (hould  be  as 
38  tllat  in  *e  firft.  If  any  variation  hap- 

pened 
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pened  here,  it  muft  have  arifen  from  the  latter 
glaffes  being  richer  than  the  former,  on  account 
of  the  contraction  of  bulk  by  cooling. 

That  the  evaporation  fhould  proceed  fenfibly  du- 
ring the  whole  time  of  the  procefs,  the  broad  fur- 
faces  give  reafon  to  expeCt ; and  all  the  pheno- 
mena demonftrate  that  it  was  fo.  It  is  otherwife 
in  the  manufactories  (§  vm.  c). 

(c)  fo  avoid  the  exception  arifing  from  the  in- 
equality of  the  drops,  I made  the  experiment  in 
the  following  manner  : — I diffolved  2 1 5 grains  of 
pure  alum  in  diftilled  water,  in  a fmall  cucurbit, 
and  evaporated  over  the  fire  until  the  furface  of 
the  liquor  correfponded  with  two  oppofite  marks 
on  the  narrow  neck,  which,  according  to  former 
experiments,  indicated  that  the  warm  folution  was 
fit  for  cryftallization  ; I therefore  poured  it  out 
into  a glafs  : in  the  fame  cucurbit,  after  wafhing 
it,  I again  diffolvtd  and  evaporated  215  grains, 
with  the  addition  of  24  grains  and  an  half  of  con- 
centrated vitriolic  acid.  1 his  folution  was  poured 
out  into  a glafs  fimilar  and  equal  to  the  former. 
I repeated  the  experiment  a third  time,  with  no 
other  alteration  than  the  addition  of  53  grains  of 
vitriolic  acid.  The  glaffes  were  then  all  fet  clofe 
together,  in  a place  the  temperature  of  which 
was  io°.  After  hours,  I collected  the  cry- 
flals,  and  left  them  untouched  for  12  hours,  up- 
on bibulous  paper,  many  times  doubled.  At  the 
expiration  of  that  time  1 found  the  weight  of  cry- 
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dials  obtained  from  the  firft  cup  to  be  155!-, 
from  the  fecond  130,  and  from  the  third  only 
iooj. 

(d)  The  laft  obje&ion  is,  that  the  vitriolic  acid 
attracts  water  very  (trongly ; and  therefore  no  o- 
ther  way  impedes  cryftallization,  than  by  taking 
away  the  water  neceffary  for  the  folution.  The 
queftion  is  not  at  prefent  in  what  manner  the  vi- 
triolic acid  ads  ; and  therefore,  without  giving  up 
my  thefis,  I might  allow  this  conjecture  to  be 
right.  But  I took  that  opportunity  of  examining 
into  its  truth  : for  this  purpofe,  I provided  two 
equal  and  fimilar  bottles,  a and  b ; into  each  I 
put  eight  ounces  of  diftilled  water,  and  into  b 
only  I put  50T  grains  of  vitriolic  acid  : 1 after- 
wards added  to  each  equal  portions  of  powdered 
alum,  and  immediately  clofed  them  both  well. 
As  long  as  none  remained  undiffolved,  1 conti- 
nued to  add  more  alum,  and  did  not  ceafe,  until 
a portion  remained  for  fome  days,  which  the  li- 
quor was  incapable  of  diflolving  Equal  portions 
of  the  (alt  were  always  more  quickly  diffolved  in  b 
than  in  a.  The  water  in  a diffolved  only  3394. ; 
that  in  b 373?  and  80 1 more  upon  the  further  ad- 
dition of  1344  of  vitriolic  acid. 

Since,  then,  the  folution  is  as  it  were  in  the  in- 
verfe  ratio  of  cryftallization  ; and  as  no  difference 
in  evaporation  could  take  place  the  bottles  being 
nearly  full,  placed  near  one  another,  and  well  (top- 
ped j I conclude,  that  the  acid  of  itfelf  encreafes 

the 
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the  fallibility,  or,  which  is  the  fame  thing,  impedes 
the  cryftallization. 

§ 5ct. 

After  having  {hewn,  by  many  experiments,  that 
the  cryftallization  is  impeded  by  the  fuperabun- 
dant  acid,  the  queftion  now  is  concerning  the 
moll  commodious  method  of  detaching  that  fuper- 
fluity.  t ■ . 

(a)  Alkaline  fubftances,  faline  or  earthy,  are 
no  doubt  capable  of  fuppreffing  it,  but  thefe  fu- 
peradd  a fait  of  another  kind.  It  fomctimes  hap- 
pens, that  alum  does  not  yield  firm  cryftals,  a fact 
firft  obferved  by  M.  Margraaf,  who  alfo  fhewed, 
that  this  inconvenience  arofe  from  a finall  quanti- 
ty of  vegetable  alkali.  I know  that,  without  any 
addition,  complete  cryftals  may  be  obtained  ; but 
for  the  molt  part,  unlefs  the  evaporation  be  car- 
ried on  extremely  flow,  the  great  portion  which 
remains  after  the  depofttion  of  a few'  perfect  cry- 
ftals is  nothing  but  a faline  magma.  It  is  remark- 
able that  this  impediment  to  cryftallization  is  equal- 
ly well  removed  by  volatile  alkali,  but  not  by  mi- 
neral alkali,  or  by  lime  (and  this  points  out  the 
refeinblance  between  vegetable  and  volatile  alkali, 
as  alfo  between  mineral  alkali  and  lime,  a refem- 

blance  which  we  fliall  fee  elfewhere  (£):  not  only 

♦ 

{/•)  DifTertation  on  Platina,  vol.  ii. 


the 


OF  THE  PREPARATION  OF  ALUM.  385 


the  common,  but  even  the  Roman  alum,  when 
precipitated  by  a volatile  alkali,  yields  a liquor 
which  not  only  contains  an  ammoniacal  fait,  but 
frequently  a vitriolated  vegetable  alkali;  which 
latter  may  be  had  alone,  the  former  being  fepa- 
rated  by  fublimation.  The  prefence  of  this  alkali 
is  owing  either  to  the  clay  itfelf  being  adulterated 
with  the  refiduum  of  putrified  vegetables,  or  from 
alhes,  either  added  on  purpofe,  or  accidentally 
mixed,  during  the  calcination  and  roafting.  In 
the  mean  time,  it  is  certain  that  alum  and  vitrio- 
lated vegetable  alkali  eafily  unite,  and  thus  a triple 
fait  is  formed : the  alutn,  deprived  of  this  addi- 
tion, is  unfit  for  making  the  pyrophyrus,  which 
may  be  eafily  tried ; for  the  aluminous  magma 
which  refufes  to  cryftallize  diftinftly,  yields,  when 
treated  in  the  ufual  way,  not  a particle  of  pyro- 
phyrus ; whereas  it  yields  an  excellent  one,  upon 
the  addition  (/)  of  a fmall  quantity  of  vegetable 
alkali  ( ni ). 

(/)  Vid.  Scheele  on  Fire. 

(m)  It  is  difficult  to  imagine  how  this  alkali  contributes 
to  the  produ&ion  of  pyrophorus,  more  efpecially  fince  M. 
Proud  has  (hewn,  that  it  may  be  obtained  without  alum, 
and  even  without  vitriolic  acid  ; that  the  refiduum  of  fac- 
charum  faturni,  after  didillation,  cryftals  of  verdigreafe, 
and  feveral  other  metallic  falts,  are  true  pyrophori ; in  a 
word,  that  almoft  every  fubftance  which  leaves,  after  its 
decompofition,  a coally  matter,  fimply  divided  by  an  earth, 
or  a metallic  calx,  has  the  fame  property  {Jourii.  Pbyf- 

1778,  Suppl.  p.  432).  Morveau.  Sde  Priellly,  vol.  iii. 
and  iv.  Appendix. 

■Vol.  I.  B b 


Thefc 


386  OF  THE  PREPARATION  OF  ALUM. 


. Thefe  circumdances  fugged  a fufpicion,  that 
vegetable  alkali  is  neceffary  for  the  perfe&ion  of 
alum ; and  that  therefore  all  perfect  alum  fhould 
be  confidered  as  a triple  fait  ; but  this  conje&ure 
is  not  well  founded,  as  the  fame  perfe&ion  may 
be  obtained  by  the  volatile  alkali,  and  a fponta- 
neous  evaporation.  However,  I do  not  fuppofe 
the  addition  of  vegetable  alkali  improper,  provi- 
ded it  be  pure ; for  if  impure  it  is  more  noxious 
than  ufeful.  The  whole  of  the  fuperabundant 
acid,  however,  mud  by  no  means  be  faturated 
with  alkali,  as  the  alum  would  in  that  cafe  be  too 
much  mixed  with  a foreign  fait,  and  the  opera- 
tion be  rendered  expenfive,  without  gaining  any 
advantage. — Urine  ought  to  be  avoided,  partly  on 
account  of  the  heterogeneous  matters  which  it 
contains,  partly  on  account  of  the  volatile  alkali, 
which  communicates  to  alum  properties  that  ren- 
der it  unfit  for  the  purpofes  of  dying. 

(b)  But  as  a pure  clay  conditutes  the  bafis  of 
alum,  the  fuperabundant  aci^  cannot  by  any  other 
means  be  more  conveniently  reprefled  than  by  this 
earth : which,  at  the  fame  time  that  it  prevents 
the  noxious  fuperabundance,  increafes  the  quanti- 
ty of  alum.  I am  very  much  furprifed  that  fo  ex* 
cellent  and  obvious  a remedy  has  never  been  pro- 
pofed  by  any  perfon,  at  lead  fo  far  as  I know. 

In  order  to  afcertain  what  was  to  be  expected 
from  this,  I indituted  feveral  experiments,  by 
which  the  truth  of  the  above  affertion  was  diffi- 
dently 
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ciently  evinced.  It  will  be  fufficient  to  relate  two  i 
— i employed  a magiltral  lixivium,  in  which  the 
the  excefs  of  acid  was  nearly  in  quantity  as  de- 
fcribed  ix  c ) ; to  a kanne  of  this  I added  two 
drachms  of  pure  clay,  reduced  to  a fine  powder, 
and  moiflened  with  a few  drops  of  water  : 1 then 
applied  the  heat  of  ebullition,  which  I continued 
for  ten  minutes ; when  all  was  cold  I feparated 
the  clay  that  remained,  and  upon  walking  and  dry- 
ing I found  that  25  grains  were  diffolved ; which 
indicates  an  increafe  of  alum  of  141  grains 
(§  in.  b.).  At  another  time  I employed  gentle 
boiling  for  half  an  hour,  by  which  75  grains  were 
taken  up,  fo  that  416  grains  of  alum  were  pro- 
duced ; hehce  a fingle  boiler  would  produce  j ,400 
ounces. 

I entertain  no  doubt,  therefore,  but  that  the 
addition  of  clay  is  extremely  ufeful ; and  this 
fhould  be  done  at  the  very  firft,  when  the  lixivium 
is  put  into  the  boiler ; a clay  free  from  lime  is  ne- 
cefiary,  as  this  laft  would  produce  gypfum  j it 
muff  alfo  be  free  from  any  thing  vitriolic.  In  ge- 
neral the  quantity  is  to  be  regulated  by  the  quan- 
tity of  fuperabundant  acid ; and  we  muff  confider 
that  the  earth  of  alum  frequently  conflitutes  only 
one  fourth  of  argillaceous  earth.  A few  trials  will, 
in  the  prefent  cafe,  be  fufficient  to  direct  us. 
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§ xii. 

Many  circumftances  relating  to  the  method  of 
obtaining  alum  pure  have  been  mentioned  in  the 
foregoing  feclion,  where  we  treated  of  reprefling 
the  fuperabundant  acid. 

Alum,  as  it  is  commonly  made,  although  de- 
purated by  a fecoftd  cryflallization,  yet  is  almoft 
always  found  contaminated  with  dephlogifticated 
vitriol;  hence  it  grows  yellow  by  age,  and  when 
diflolved  in  Water  depofits  ochre.  This,  in  many 
of  the  arts,  is  equally  ufeful  with  pure  alum ; it 
is  even  fo  in  dying,  when  dark  colours  only  are! 
Wanted,  which  frequently  require  green  vitriol  i 
but  when  the  more  lively  colours  are  fought,  eve- 
ry thing  martial  muft  be  avoided,  as  it  always  ob- 
fcures  them  more  or  lefs.  In  fuch  cafes  the  Ro- 
man alum  is  employed : it  is  therefore  required  to 
difcover  a method  by  which  the  common  alum 
may  be  fo  depurated  as  to  equal  the  Roman  in 
goodnefs.  The  common  ore,  indeed,  always  con- 
tains more  or  lefs  martial,  which  even  actually  en- 

1 1 

ters  the  lixivium  ; notwithftanding  this,  however* 
we  muft  not  defpair  (/). 

(;)  “ The  preference  given  by  dyers  to  Roman  alum 
does  not  appear  to  me  a fufficient  reafon  for  concluding 
that  it  is  not  coloured  by  iron.  It  is  certain,  that  the  red 
fclcnite  above  mentioned  does  not  any  more  Ihew  figns  of 
martial  earth,  in  confequence  of  the  addition  of  tintfure 
of  galls,  and  Pruflian  alkali,  although  it  contains  iron 
enough  to  be  reduced.’’  Morveau. 

(a)  Alum* 
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(a)  Alum,  made  without  the  addition  of  the 
magiftral  lixivium,  both  as  to  purity  and  efficacy, 
rivals  the  Roman  alum,  and  often  excels  it.  The 
crude  lixivium,  indeed,  contains  vitriol,  but  in 
fuch  quantity  that  it  is  entirely  feparated  by  the 
fecond  cryftallization : for  the  alum  made  in  this 
way  does  not  (hew  the  fmalleft  fign  of  iron,  either 
with  tincture  of  galls  or  phlogifticated  alkali ; be- 
tides, by  the  fecond  cryftallization  all  the  earthy 
parts  are  feparated,  which  earthy  parts  always  ad- 
here to  the  Roman.  By  my  advice,  this  method 
was  purfued  in  two  of  our  manufaftories,  and  an 
alum  prepared  fuperior  to  the  Roman. 

The  reafon  is  plain,  for  the  noxious  heteroge- 
neous matters  at  firft  remain  in  the  magiftral  lixi- 
vium; now,  as  two  thirds  of  this  continually  en- 
ter the  following  deco&ions,  thefe  matters  are 
continually  accumulating,  infomuch  that  the  alum 
being  in  the  firft  cryftallization  overwhelmed  with 
thefe,  can  be  but  imperfe&ly  freed  in  the  fecond; 
nay,  a third  or  a fourth  are  fometimes  neceffiary, 
to  form  as  good  alum  as  is  had  without  the  addi- 
tion of  the  magiftral  lixivium  by  means  of  twq. 
How  abfurd  this  continual  addition  of  the  ma- 
giftral lixivium  is,  will  fufficiently  appear  from  its 
nature,  and  will  be  demonftrated  more  at  large 
in  the  following  paragraph. 

(b)  If  the  lixivium  abounds  with  dephlogiftica- 
ted  vitriol,  (which  is  eafily  difcovered  by  the  red 
colour,  and  the  continual  depofition  of  ochre)  this 
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is  deftroyed  bv  the  addition  of  clay  : and  let  not  this 
be  thought  contradictory  to  the  general  laws  of 
attraction.  It  is  indeed  true  that  iron,  put  into  a 
folution  of  alum,  is  diffolved,  and  precipitates  the 
earthy  bafe  of  the  alum  : as  alfo  that,  when  vitriol 
and  alum  are  both  in  the  fame  folution,  if  an  alkali 
be  added  gradually,  and  without  agitation,  the 
white  argillaceous  earth  will  be  firft  precipitated, 
and  afterwards  the  greenifh  martial  earth.  But 
' this  is  only  true  of  iron  in  a metallic  Rate,  or  but 
little  dephlogifticated  ; for  if  the  inflammable  prin* 
ciple  be  any  further  diminifhed,  the  efficacy  of  at- 
traction is  thereby  fo  much  weakened,  that  the 
iron,  being  now  calcined,  will  yield  the  vitriolic 
acid  to  pure  clay.  The  truth  of  this  affertion  may 
be  proved  many  different  ways : thus,  let  a por- 
tion of  alum  be  diffolved  in  a lixivium  of  highly  de- 
phlogiflicated vitriol;  let  an  alkali  be  then  added, 
and  ochre  will  be  precipitated  firft,  and  not  un- 
til after  it  clay ; befides,  if  clay  be  added  to  fuch  a 
lixivium,  and  boiled,  alum  is  formed ; and,  pro- 
vided there  be  a fufficient  quantity  of  clay,  the 
whole  of  the  vitriolic  fait  will  be  deftroyed. 

Thofe  who  are  fond  of  wonderful  tranfmuta- 
tions,  and  accordingly  fee  them  in  every  thing, 
will  in  this  inftance  rather  fay,  that  the  martial  is 
commuted  into  an  argillaceous  earth : they  add,  to 
finifh  the  demonftration,  that  the  fait  elixated  from 
colcothar  of  vitriol  not  only  (like  alum)  refufes 
qryftallize  without  the  addition  of  a little  ve- 
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getable  alkali,  but  alfo  yields  tranfparent  cryftals, 
which  referable  alum  in  the  altringency  of  their 
tafte. 

Thefe  phenomena  are  true,  but  the  conclufion 
deduced  from  them  is  erroneous.  The  more  fre- 
quently vitriol  of  Mars  is  dilfolved,  and  again  cry- 
ftallized,  the  more  it  is  deprived  of  its  green  co- 
lour, and  at  length  it  totally  lofes  it  ; hence  the 
watery  colour  of  the  fait  obtained  from  colcothar: 
the  tafte  is  aftringent,  like  that  of  vitriol,  but  with 
fome  fmall  difference,  the  metallic  bafe  being  here 
deprived  very  much  of  its  phlogifton : befides, 
that  the  fait  got  from  colcothar  moft  commonly 
does  not  contain  a particle  of  alum,  there  is  no 
doubt ; for  every  common  vitriol  owes  its  origin 
to  pyrites,  which  is  rarely  without  fome  clay  ; 
therefore  we  have  no  occafion  for  a metamorpho- 
fis  to  account  for  the  produ&ion  of  alum : but 
that  vitriol,  which  is  formed  of  iron  and  pure  vi- 
triolic acid,  never  {hews  the  fmalleft  veftige  of 
alum ; and  the  colcothar  fait  obtained  from  fuch 
vitriol,  upon  the  addition  of  a fixed  alkali,  depo- 
fits  nothing  but  an  ochre ; but  with  a phlogifti- 
cated  alkali  the  whole  bafe  is  converted  into  a 
Pruflian  blue. 

From  all  this  it  evidently  follows,  that  an  alu- 
minous lixivium,  which  is  only  contaminated  by 
dephlogifticated  vitriol,  may  be  at  once  enriched 
and  depurated,  by  the  addition  of  pure  clay  free 
from  vitriolic  matters. 
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(c)  A lixivium  containing  perfett  vitriol  cannot 
be  freed  from  it  to  any  purpofe,  either  by  clay  or 
alkali ; for  the  former  effefts  no  decompofition, 
unlefs  in  fo  far  as  the  vitriol  is  dephlogifticated  by 
long  boiling : the  latter,  although  it  can  deflroy 
all  the  vitriol,  yet  it  cannot  effect  this,  fo  long  as 
any  alum  remains,  which  yields  its  acid  more  rea- 
diiy. 


§ XIII. 

In  applying  the  magiftral  lixivium  to  ufe,  we 
muff  take  notice  of  many  varieties,  the  chief  of 
which  depend  upon  the  admixture  of  a vitriolic 
fait,  as  this  renders  the  alum  unfit  for  certain  pur- 
pofes ; and,  if  the  quantity  be  large,  renders  it 
unapt  to  cryftallize.  However,  we  muff  alfo  take 
into  the  account  vitriolated  magnefia,  which  not 
infrequently  is  found  mixed  with  it. 

(a)  A magiftral  lixivium  containing  alum  alone, 
is  fcarcely  found  any  where,  except  at  Tolfa  Mr 
Fougeroux  de  Bondaroi  obferves,  that  this,  ex- 
pofed  very  much  to  the  air  in  broad  lhallow  vef- 
fels,  by  degrees,  though  flowlv,  yields  genuine 
alum,  in  the  fame  way  as  clay  artificially  combined 
with  vitriolic  acid,  which,  though  in  the  ufual 
way  it  only  affords  incoherent  cryftals,  affords  ve- 
ry complete  ones  by  a flow  fpontaneous  exficca-. 
tion.  1 have  not  yet  been  able  to  difcover  the 
reafon  of  this  phenomenon  5 but  in  the  foregoing 

pages 
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pages  I have  mentioned,  that  this  difpofition  to 
crydallize  may  be  induced  by  the  addition  of  a 
little  vegetable  or  volatile  alkali,  but  not  by  the 
mineral  alkali,  or  lime  (§  xi.  a). 

In  the  magidral  lixivia  there  fometimes  occurs 
a fpecies  of  fat,  as  is  judged  not  fo  much  from  its 
vifcid  appearance  (which  may  be  occafioned  by  the 
quantity  of  the  matters  diffolved)  but  from  its  na- 
ture and  properties  ; for  a faturated  folution  of 
alum,  in  the  fame  manner  as  other  falts,  if  kept 
long,  or  boiled  in  a glafs  veflel,  communicates  to 
the  glafs  the  property  of  repelling  water,  as  if  it 
had  been  fmeared  with  oil,  and  wiped  with  a cloth. 
So  long,  therefore,  as  we  know  no  other  bodies 
but  oils  which  communicate  this  property,  we  muft 
conclude,  that  fomething  at  lead  analogous  to  oil 
is  in  the  lixivium. 

(b)  The  lixivium  containing  perfect  vitriol,  fo 
long  as  it  is  rich  in  alum,  may  be  employed,  as  it 
ufually  is.  but  only  for  the  preparation  of  com- 
mon alum  ; whereas,  if  the  vitriolic  fait  abounds, 
it  mud  either  be  crydallized  into  a vitriol,  or  elfe 
be  fo  dedroyed  as  to  produce  alum,  which  may 
be  done  in  the  following  way  : — let  the  lixivium 
be  reduced  to  a tenacious  mafs  with  clay,  and 
formed  into  cakes,  and  thefe  be  expofed  in  an 
houfe  to  the  open  air ; by  thefe  means  the  plilo- 
gidon,  which  is  powerfully  attracted  by  pure  air, 
is  by  degrees  feparated  from  the  iron,  while  the 
^cid,  by  its  dronger  attraction,  takes  up  the  clay: 

?h$ 
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the  calcination  is  accelerated  by  fire,  but  it  muft 
be  cautioufly  employed,  left  the  acid  fhould  be 
expelled : the  lixivium  is  thus  treated  to  much 
more  advantage  than  by  continued  boiling,  parti- 
cularly when  it  contains  but  little  alum  (£),  as  is 
the  cafe  in  our  manufactories  about  the  end  of 
the  fummer,  as  the  noxious  foreign  matters  are 
increafed  on  every  boiling. 

(c)  The  lixivium,  containing  dephlogifticated 
vitriol,  may  be  advantageoufly  treated,  by  adding 
clay  during  the  boiling  : the  reafon  has  been  al- 
ready explained  (§  x.  b),  fo  that  we  need  not 
dwell  upon  it  here. 

(d)  The  lixivium  containing  perfeCt  vitriol,  and 
vitriolated  magnefia,  is  the  mod  common  in  our 
manufactories ; this  may  be  employed  in  the  ordi- 
nary way  for  the  preparation  of  common  alum,  in 
the  beginning  of  fummer,  and  fo  long  as  the  he- 
terogeneous matters  have  not  accumulated  too 
much  ; but  when  that  takes  place,  it  is  proper  to 
feparate  the  vitriolated  magnefia ; for  this  purpofe 
it  is  neceffary  to  decompofe  the  vitriol,  and  alfo 
the  alum,  for  they  cannot  be  feparated  by  cryftal- 
lization  (3  ix.) ; this  is  beft  done  by  a calcareous 
powder,  which  muft  be  unburnt,  as,  if  burnt,  it 
would  alfo  decompofe  the  vitriolated  magnefia : 
this  powder  is  to  be  added  by  degrees,  left  the 
effervefcence  fhould  occafion  the  mafs  to  fwell  over 


(,{)  Vid.  Monnet  fur  l’Alunation. 
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the  fides  of  the  veffel : a juft  proportion  removes 
the  falts,  by  the  afliftance  of  agitation  and  heat ; 
phlogifticated  alkali  will  readily  (hew  whether  there 
is  any  thing  martial  remaining.  In  the  place  of 
the  decompofed  falts  there  remains  gypfum,  but 
only  a very  fmall  portion  of  it  remains  in  the  lixi- 
vium ; for,  on  account  of  the  deficiency  of  men- 
ftruum,  the  greateft  part  falls  to  the  bottom  along 
with  the  ochre  and  clay.  As  foon  as  the  liquor 
has  fubfided  and  grown  clear,  it  muft  be  carefully 
decanted  into  another  veffel,  and  evaporated  until 
a drop  let  fall  upon  a cold  fubftance  (hews  cryftals 
in  a few  minutes ; it  is  then  to  be  removed  from 
the  fire,  and,  on  cooling,  it  produces  vitriolated 
magnefia. 

If  in  our  manufa&ories  all  the  magiftral  lixi- 
vium which  is  unfit  for  making  alum  was  treated 
in  this  manner,  we  fhould  undoubtedly  obtain  as 
much  Epfom  fait  as  is  confumed  in  all  Sweden  : 
this  fait  is  now  imported ; whereas,  if  at  the  fame 
time  this  and  other  means  were  ufed,  we  might 
be  able  to  export  to  all  Europe. 

It  is  evident  that  this  lixivium  may  alfo,  by  the 
methods  above  defcribed,  be  employed  for  the  ar- 
tificial preparation  of  the  matrix  of  alum. 

(e)  The  magiftral  lixivium  has  always  a fuper- 
abundance  of  acid  : we  found  in  one  kanne  near- 
ly five  ounces ; fo  that  in  a fingle  boiler  there  are 
nearly  2501b.:  but  vitriol,  when  well  dephlogifti- 
cated,  retains  its  acid  fo  loofely,  that  it  may  eafily 

be 
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be  feparated  by  fire.  I do  not  doubt,  therefore, 
but  that  fuch  a lixivium,  if  its  furface  be  firft  in- 
creafed  by  pouring  over  an  heap  of  flicks,  and  af- 
terwards collected,  might  be  advantageoufly  fub- 
jected  to  diflillation. 

(f)  Finally,  the  ochre,  which  feparates  either 
fpontaneoufly  or  upon  the  addition  of  an  alkali, 
may  be  made,  by  various  methods  of  preparing  it, 
to  afford  various  pigments ; — it  is  enough  here  to 
throw  this  out  as  a hint. 


§ XIV. 

From  what  has  been  faid,  I believe  it  will  plain- 
ly appear,  that  if  the  operations  were  conduded 
with  {kill  and  prudence  in  our  manufactories,  we 
fhould  have,  at  the  ordinary  expence,  alum  better 
in  quality,  and  a larger  quantity.  I flatter  myfelf, 
that  in  foregoing  fedions  1 have  pointed  out  the 
means  of  obtaining  this  end.  As  to  the  forms  of 
furnaces,  and  other  contrivances  for  more  com- 
modioufly  conducting  the  operations,  I pafs  them, 
over,  as  belonging  rather  to  mechanics  than  chy- 
imitry,  although  thefe  two  frequently  lend  one 
another  mutual  affiftance. 
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§ i.  Medicines  fhonld  be  prefcribed  in  fuch  A 
IVay , that  each  jhall  always  pojjefs  the 
fame  Virtues. 


IN  prefcribirig  medicines,  or  in  compofing  dif~ 
penfatories,  nothing  is  more  neceffary  than 
that  both  the  materials  and  method  of  preparation 
be  fo  chofen  as  to  be  exactly  alike  in  all  cafes  and 
fituations : for  if  the  officinal  preparations  be  not 
directed  to  be  made  in  fuch  a manner,  that  they 
can  never,  under  the  fame  name,  poffefs  different 
virtues  and  properties ; or  if  the  procefs  be  fo  or- 
dered, that,  notwithftanding  all  poffible  care  in 
the  repetition  of  it,  it  cannot  to  a certainty  be 
performed  in  the  fame  way,  it’ plainly  appears, 
\’  ’ 1 i that 
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that  medicines  of  very  different  qualities  may  be 
produced  by  the  fame  formula,  and  that  not  only 
in  different  (hops,  but  in  one  and  the  fame. 
The  danger  hence  arifing  is  indeed  but  fmall, 
when  the  lefs  powerful  preparations  only  are  fub- 
je£t  to  this  inconvenience  ; but  from  what  fol- 
lows, it  will  appear,  that  this  is  often  the  cafe 
with  thofe  which  are  poffeffed  of  confiderable 
a&ivity. 

For  example,  let  us  fuppofe  an  emetic,  or  a 
purgative  made  by  the  fame  formula,  and,  never- 
thelefs,  that  the  medicine  does  not  always  pro- 
duce the  effeft  defired,  that  it  at  one  time  has 
little  or  no  effect,  at  another  a&s  mod  violently  ; 
in  this  cafe,  beyond  doubt,  the  life  of  the  patient 
is  endangered,  the  credit  of  the  phyfician  inju- 
red, and  preparations  which,  if  rightly  adjufted, 
would  be  of  the  moft  material  advantage,  tall  gra- 
dually into  dilrepute,  and  at  length  into  total  dif- 

ufe.  - :o  . 1 • 

All  thefe  inconveniencies  are  found  to  take 
place  in  many  officinal  preparations,  particularly 
thofe  of  metals,  many  of  which,  though  known 
by  the  fame  name,  are  in  degree  of  efficacy  en- 
tirely unlike. 

- r:'  • • 1 • • ' ' 

§ ii.  Anthnonicil  Emetics. 

From  the  moft  remote  times  antimonials  were 

known  to  poffefs  an  emetic  quality:  this  pro-.._ 

perty 


OF  ANTIMONIATED  TARTAR. 


399 


perty  they  exert  only  when  difiolved  ; but  in  ge- 
neral they  can  undergo  folution  within  the  body 
as  well  as  without ; for,  in  the  prims  vis,  there 
are  fometimes  humours  endowed  with  the  proper- 
ty of  dilfolving  this  femi-metal ; and  on  this  ac- 
count antimonials  were  formerly  given  in  the  form 
of  powder.  But  as  it  is  plainly  impoffible  for  us 
to  determine,  a prioi  i,  either  the  quantity  or  qua- 
lity of  this  menftruum,  it  follows,  that  from  varia- 
tion in  it,  either  of  quantity  or  quality,  the  dofe 
mud  be  uncertain,  and  the  effeft  extremely  du- 
bious. Examples  are  to  be  met  with,  of  fome 
perfons  who  could  fwallow  confiderable  quantities 
of  the  regulus,  without  any  inconvenience,  which 
would  be  highly  dangerous  to  perfons  who  are  fub- 
je&  to  acidity.  At  prefent,  the  mercurius  vits, 
the  hepar  antimonii,  and  pulverized  glafs  of  anti- 
mony, are  much  in  ufe,  becaufe  thefe  fubftances 
contain  the  regulus,  reduced  by  folution  to  a fa- 
line  nature  ; they  therefore  may  be  given  with 
much  more  fafety,  and,  being  always  the  fame, 
aft  more  powerfully  and  certainly.  Tartar  has 
been  almoft  always  in  ufe,  as  a folvent  for  this 
metal ; and  the  fait  ariling  from  this  compohtion 
has  been  called  tartar  emetic  (7/),  from  its  ope- 
ration ; and  Jhbiated  tartar , from  its  compohtion. 


(a)  Mynficht  firfl  introduced  this  preparation  in  163  r. 
He  employed  the  crocus  metallorum  ; Zwelfer,  the  glafs 
of  antimony  ; and  Lemery,  the  hepar. 
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I prefer,  however,  the  name  of  antimoniated  tar- 
tar, as  antimony  is  at  prefent  a more  popular  name 
for  this  mineral  than  ftibium  : and  this  preparation 
of  antimony  I defign  to  examine  in  the  following 

pages. 

§ Hi.  Different  Methods  of  Preparation. 

* . < / 

Upon  turning  over  the  mod  celebrated  difpen- 
fatories,  we  find  a wonderful  difference  in  the 
methods  of  preparing  this  fait  j all,  except  the  old 
difpenldtory  of  Stockholm,  which  mixes  with  it  a 
lixivious  fait,  prefcribe  the  cryftals,  or  cream  of 
tartar,  as  the  menftruum ; but  differ  with  rei'pcd 
to  the  matter  to  be  diflolved. 

The  crocus  metallorum  is  direded  by  the  new 
Vienna  difpenfatory  (b),  by  the  new  Utrecht  (c), 
the  Wirtemburg  (d),  the  Edinburgh  (e),  Bornf- 
fo  Brandenburg  (/),  the  London  (g),  and  fome 
others  ; but  the  Edinburgh  and  the  Brandenburg 
admit  the  ufe  of  the  glafs  of  antimony,  which  is  the 
balis  employed  by  the  old  Stockholm  (//)  and  the 
Ratifbon  (i)  ; but  the  Paris  difpenfatory  (Ji)  or- 
ders it  with  an  equal  part  of  the  hepar,  not  freed 
from  the  fcorim.  The  Pharm.  Bateana  (/)  ein- 


(Z>)  An.  Dom.  1734. 
(e)  1756. 

(/>)  1 686- 
(/)  16B8. 


(d)  175c. 
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ploys  the  flowers  of  antimony.  As  to  the  pro- 
portions, the  Ratifbon,  Vienna,  Utrecht,  Wir- 
teinburg,  London,  and  Brandenburg,  employ  an 
equal  weight  ( m ) of  tartar  and  of  the  metallic 
matter ; the  Edinburgh  and  Paris  double  that 
quantity  : there  is  alfo  a difference  with  refpedt  to 
the  quantity  of  water.  In  the  Vienna  and  Edin- 
burgh difpenfatories,  1 2 parts  of  water  are  order- 
ed to  one  of  tartar ; 6 in  the  Wirtemberg  ; and 
in  the  reft,  fo  much  as  is  fufficienc  for  folution; 
The  mixture,  being  digefted  for  a day  or  two,  is 
boiled  until  the  tartar  is  completely  diffolved,  ac- 
cording to  the  inftructions  of  the  Brandenburg 
difpenlatory,  and  molt  others ; but  the  Paris  di- 
rects, in  exprefs  words,  1 2 hours,  the  Edinburgh 
10,  and  the  London  half  an  hour.  After  filtra- 
tion, the  Ratifbon  and  London  require  cryflalli- 
zation ; the  reft  evaporation  to  drynefs.  In  the 
old  Stockholm  difpenfatory,  one  ounce  of  glafs 
of  antimony  is  deflagrated  with  two  drachms  of 
crude  nitre ; one  drachm  of  alkali  of  tartar,  and 
nine  ounces  of  pure  water,  are  then  added  ; the 
whole  is  boiled  to  drynefs  in  an  iron  pot,  the 
mats  reduced  to  pow7der  ; warm  water  is  poured 
on  ; it  is  filtered  ; and,  being  evaporated  to  dry- 
nefs, is  ftrongly  heated  on  an  unburned  brick. 

d he  above  will  be  fufficient  to  fliew  the  difa- 
‘greement  of  the  difpenfatories  : indeed,  to  com- 

(rrt)  Vid.  Difpenf; 
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pare  the  differences  minutely,  would  exceed  the 
bounds  of  fuch  a Treatife  as  this.  We  may, 
however,  obferve  another  method  formerly  in  ufe, 
for  the  purpofe  of  exciting  vomiting,  which  is  in 
itfelf  fufficiently  commodious,  if  it  were  fufficiently 
exact : — wine  was  fet  to  Hand  for  a night,  in  a cup 
made  of  regulus  of  antimony  and  tin;  or  elfe  balls  of 
this  metal,  which  were  called  perpetual  pills,  were 
fteeped  in  wine  for  a certain  number  of  hours. 
What  judgement  is  to  be  formed  of  thefe  contri- 
vances, the  following  experiments  will  fhew  : when 
we  confider  the  difagreements  above  mentioned, 
and  others  that  might  be  adduced,  we  fhall 
ceafe  to  wonder  at  the  uncertain  effedt  of  emetic 
tartar. 

Upon  accurate  examination,  we  fhall  fee  that 
the  weaker  of  thefe  preparations  contains  fcarcely 
five  hundredths  of  the  metal,  while  the  ftronger 
have  upwards  of  0,24.  Hence,  then,  appears  the 
neceflity  of  determining  the  bafis  and  the  men- 
ftruum  in  fuch  a manner,  by  accurate  experiment, 
that  this  medicine  may  always  poffefs  the  fame  pro- 
perties, and  the  fame  degree  of  ftrength. 

§ 1 v.  The  Baje  to  be  chofen . 

The  hepar,  the  crocus  metallorum,  and  the 
glafs  of  antimony,  are  the  fubftances  generally 
made  ufe  of  as  the  bafis  of  tartar  emetic.  We 

muft 
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tnufl  firft  inquire,  whether  thefe  three,  prepared 
according  to  the  ufual  formula,  actually  contain 
the  fame  quantity  of  phlogiflon  ; for,  according 
to  the  variation  of  that  principle,  a greater  or 
fmaller  portion  of  the  metallic  regulds  dull  be  dif- 
folved  in  the  fame  quantity  of  menflruum  ; and 
of  courfe  the  emetic  power  wall  vary.  That  he- 
par  which  is  prepared  with  a larger  proportion  of 
nitre,  neceffarily  lofes  more  of  its  phlogiflon  than 
that  in  the  preparation  of  which  lefs  nitre  has  been 
employed ; and  even  although  an  equal  quantity 
of  nitre  and  antimony  be  (as  is  ufually  the  cafe) 
employed  for  this  purpofe,  it  {fill  depends  upon 
other  circumflances,  whether  the  reguline  part  b£ 
afted  upon  at  all,  and  in  what  degree.  1 he  de- 
flagration is  performed*  either  by  throwing  th6 
nitre  and  antimony  into  a hot  crucible,  or  by  fet- 
ting  fire  to  the  mixture  in  a cold  mortar : in  the 
former  cafe,  the  fulphur  is  more  quickly  deftroy- 
ed,  and  flies  off' ; fo  that  the  metal  is  of  courfe 
more  completely  deprived  of  its  phlogiflon,  than 
in  the  latter,  where  no  fufion  takes  place ; and 
there  is  no  external  operation  of  fire  : hence  the 
hepar  made  in  the  latter  way  is  red,  that  produ- 
ced by  the  former  method  rather  yellow.  But 
though  the  procefs  were  univerfally  conduced  in 
a ciucible,  it  is  impoflible  at  all  times  to  apply  the 
very  fame  degree  of  fire  j nor  can  the  difference 
of  degrees  be  poffibly  afcertained  : fo  that,  from 
this  circumftance  alone,  the  produas  mull  differ 

^ c a effentiallyj 
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effentially  ; add  to  which,  that  the  nitre  and  crude 
antimony  cannot  be  mixed  together  fo  evenly,  but 
that  in  one  part  the  nitre  will  prevail,  in  another 
the  antimony ; and  hence  alfo  a variation  in  the 
product  mult  neceffarily  take  place  ; — and  the  na- 
tural confequence  of  this  variation  is,  that  the  re- 
gulus  is  fcarce  ever  adted  upon  twice  in  exactly  the 
fame  manner. 

All  the  above-mentioned  differences  arifmg  in 
the  preparation  of  hepar,  affeCt  in  the  very 
fame  manner  the  production  of  the  crocus  metal- 
lorum ; the  latter  being  no  other  than  the  refi- 
duum  of  the  former,  infoluble  in  water.  Befides, 
another  variation  in  this  preparation  may  arife 
from  the  difference  of  accuracy  in  walking  ; for, 
on  this  account,  more  or  lefs  remains,  which,  by 
encreafing  the  weight,  and  abforbing  the  acid, 
not  only  weakens  the  Itrength  of  the  menllruum, 
but  prevents  the  fame  weight  of  it  from  containing 
always  the  fame  quantity  of  antimony. 

Glafs  of  antimony  is  obtained  from  the  fufed 
calx  of  this  metal.  Now,  as  the  regulus,  the 
crude  antimony,  and  other  preparations,  may 
each  be  calcined  by  means  of  fire ; and  as  all 
thefe,  according  to  circumltances,  and  the  na- 
ture of  the  preparation,  lofe  phlogiffon  in  dif- 
ferent degrees,  it  follows  inevitably,  that  the 
glaffes  made  of  the  calx  mull  differ  much  from 
each  other. 

But,  fuppofe  the  crude  antimony  always  ufed 

for 
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for  this  purpofe,  as  many  direft  it  to  be,  yet  even 
in  this  cafe  we  cannot  be  fure  that  the  fame  force 
of  fire  has  been  employed;  and  as  that  varies,  the 
calx  may  fometimes  be  fo  far  deprived  of  phlo- 
gifton,  as  to  be  vitrified  with  great  difficulty,  and 
fometimes  retain  fo  large  a portion  of  the  inflam- 
mable principle  as  to  refemble  the  hepar  in  fufion, 
rather  than  the  glafs  ; and  between  thefe  two  ex- 
tremes there  are  innumerable  intermediate  de- 
grees. When  we  confider  every  thing  attentive- 
ly, we  (hall  ceafe  to  wonder  at  the  different  de- 
grees of  tranfparency,  and  the  different  colours  of 
the  glafs. 

Hence  we  may  conclude,  that  neither  the 
hepar,  the  crocus,  nor  the  glafs,  can  fupply  a 
bafe  for  emetic  tartar,  which  will  be  always  fi- 
milar  to  itfelf ; and  therefore,  that  they  are  to 
be  avoided,  if  a more  proper  fubftance  can  be 
found. 

It  may  perhaps  be  thought,  that  the  regulus  is 
preferable  to  thofe  fubftances  which  are  moffc  in 
ufe  ; but  even  if  we  were  in  poffeffion  of  a fure 
method  of  regulating  the  fire  in  the  preparation  of 
the  regulus,  fo  that  it  (hall  always  be  of  the  fame 
nature ; and  although  we  alfo  had  a fure  and  com- 
modious method  of  ineafuring  the  folvent  power  of 
the  menftruum,  yet  it  remains  to  be  determined 
by  experiment,  whether  antimony,  in  its  reguline 
ftate,  can  communicate  an  emetic  quality  to  acid 
liquors. 


C c 3 
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Boiling,  vinegar  indeed  attacks  it  5 but  for  the 
acid  of  tartar,  fee  § v 1.  a.  vii,  a.  Many  per- 
fons  extol  the  virtues  of  wine  which  has  lain  in  a 
cup  of  the  regulus,  and  had  the  powdered  regu- 
lus  deeped  in  it  for  24  hours ; but  in  this  inftance 
an  error  may  readily  conceal  the  truth : for  mi- 
nute particles  of  the  powdered  regulus  may,  on 
account  of  its  micaceous  texture,  be  eafily  fuf- 
pended  in  the  liquor,  and  therefore  may  be  fome- 
times  fwallowed : befides  the  regulus  when,  ei- 
ther by  means  of  too  much  fire,  it  is  externally 
deprived  of  a portion  of  its  phlogiflon,  or  mixed, 
either  internally  or  externally,  with  an  hepar,  it 
may  communicate  to  wine  an  emetic  quality,  al- 
though the  reguline  part  itfelf  contributes  nothing 
to  it.  In  order  to  obtain  a decifive  conclufion, 
the  regulus  fhould  be  often  well  fufed  with  a fix- 
ed alkali,  and  then  well  walked  with  vinegar ; be- 
fides, the  wine  which  is  decanted  off  fhould  be 
filtered  through  paper; — this  I never  had  an  op- 
portunity of  trying  more  than  twice.  I deeped 
the  regulus,  eliquated  according  to  the  London 
difpenfatory,  divided  into  fmall  pieces,  and  well 
wafhed  ip  Rhenifh  wine,  and  kept  the  bottle  do- 
led in  a moderate  heat  for  fix  days : the  wine,  af- 
ter filtration,  did  not  fhew  the  flighted  token  of 
an  emetic  virtue. 

Of  all  the  antimonials  none  deferve  fo  much 
attention  as  the.  powder  of  Algaroth,  which  was 
fome  time  fince  thought  well  adapted  to  this  pur- 

pofe 
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pofe  («).—' The  following  experiments  will  ferve  to 
ftiew  its  nature  more  completely.  It  is  obvious, 
that  if  3 parts  of  crude  antimony,  and  4 of  cor- 
rofive  fublimate,  be  mixed  together,  by  means  of 
heat,  and  a double  elective  attraction,  a double 
exchange  will  take  place;  for  in  the  corrofive  lu- 
blimate  there  is  calcined  mercury,  and  in  the 
crude  antimony  the  regulus  combined  with  ful- 
phur : during  the  operation  the  antimony  yields 
its  phlogifton  to  the  calcined  mercury,  which 
thereby  becomes  quickfilver,  and  in  its  turn  yields 
its  marine  acid  to  the  antimonial  calx.  This 
compound  pafles  over  into  the  recipient,  under 
the  name  of  butter  of  antimony  ; and  if  at  length 
the  heat  be  much  increafed,  cinnabar  is  formed, 
confiding  of  the  fulphur  of  the  crude  antimo- 
ny united  with  the  mercury.  We  mull  take 
particular  notice  that  neither  the  regulus  of 
antimony,  nor  of  any  other  metal,  can  be  taken 
up  by  acids,  until  it  is  to  a certain  degree  depri- 
ved of  its  phlogifton  ; and  that  degree  is  various 
in  various  cafes,  as  I have  elfewhere  demonftra- 
ted(o). 

Butter  of  antimony,  dropped  into  water,  is  in- 
ftantly  decompofed  ; the  water  feizes  the  greater 
part  of  the  marine  acid,  and  the  deferted  metal 
falls  to  the  bottom  in  the  form  of  a white  pow- 

(«)  By  Maccjuer. 

(c)  Dc  Attr.  Eleft. 

d$r : 
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der : this  powder  was  formerly  known  by  a num. 
ber  of  lingular  names,  to  which  it  had  little  claim; 
but  is  now  generally  called  powder  of  Algaroth, 
in  honour  of  Vittorio  Algarotti,  an  Italian  phy- 
fician,  who  has  been  very  lavifli  in  praife  of  it. 

In  this  operation  the  antimony  is  conftantly  a&- 
ed  upon  in  the  fame  manner  by  the  marine  acid, 
and  conlequently  always  lofes  an  equal  quantity  of 
its  phlogifton,  which  is  a circumftance  very  much 
to  our  purpofe.  How  well  foever  this  precipitate  be 
walked,  tho'  with  warm  water,  yet  hill  a fmall  quan- 
tity of  the  acid  adheres,  as  appears  from  hence,  that 
upon  diflillation  a fmall  portion  of  butter  of  anti- 
mony comes  over  into  the  recipient ; but  the  acid 
admixture  may  be  avoided  by  faturating  it  gradu- 
ally with  oleum  tartari  per  deliquium  ; for  in  this 
cafe  the  more  minute  and  white  particles  fall  to 
the  bottom,  which  can  only  be  had  by  wafhing 
tvith  an  alkali.  This  is  indeed  more  foluble  than 
the  former  obtained  by  water,  but  fuppofes  a 
complete  decompofition,  which  yet  is  not  always 
obtained ; at  lead  there  is  in  this  cafe  room  for 
fraud,  as  this  method  is  more  expenfive  and  more 
troublefome. 

The  precipitate  obtained  by  water,  although 
lefs  in  quantity,  is  yet  perfectly  foluble,  and  there- 
fore l prefer  it,  as  being  lefs  liable  to  variation ; 
and  we  fhould  not,  without  urgent  neceffitv,  con- 
fide in  the  fidelity  of  the  operator. 


The 
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The  argentine  flowers  are  juflly  enumerated 
among  the  beft  preparations  of  antimony  ; but 
the  preparation  of  thefe,  although  more  difficult, 
yet  forms  a lefs  certain  bafe  for  emetic  tartar  thaa 
the  powder  of  Algaroth  does. 

§ v.  The  proper  Menftruum. 

From  the  time  that  this  medicine  firft  became 
known,  to  the  prefent  day,  tartar  has  been  almoft 
every  where,  and  at  all  times,  ufed  for  the  men- 
ftruum (/;);  however,  as  this  fait  is  not  a pure 
acid,  but,  as  chymical  analyfis  and  fynthefis  fliew, 
a fort  of  tartarized  tartar,  with  a determinate  fu- 
perabundance  of  acid,  it  is  to  be  confidered  that 
we  are  not  yet  certain  whether  the  fuperabundant 
acid  alone  ads,  or  whether  the  other  ingredients 
contribute  any  thing. — I am  now  to  relate  the  ex« 
periments  which  I made  to  determine  that  point. 

$ vi.  Power  of  the  Add  of  Tartar. 

The  firft  trials  were  made  with  pure  acid  ( q ) 
of  tartar,  of  which  the  fpecific  gravity  was  to  that 
pf  diftilled  water,  as  1,230  to  1000. 

(/>)  The  old  Stockholm  Pharmacopoeia,  after  Zvvelfer, 
ufes  alkali. 

(?)  Retz  has  dcfcribed,  in  the  Stock.  Tranf.  the  me- 
thod of  obtaining  the  pure  acid  of  tartar. 


(a)  The 
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(a)  The  following  experiments  were  made  with 
regulus  of  antimony,  prepared  according  to  the 
London  difpenfatory,  and  reduced  to  a very  fub- 
tile  powder.  One  part  of  this  was  boiled  for 
twenty  minutes  in  a phial,  with  25  of  the  above- 
mentioned  acid,  then  filtered,  and  fet  in  a cold 
place  ; it  was  afterwards  further  evaporated,  when 
a fait  concreted  in  the  form  of  crufts  and  fur- 
rowed pieces,  which  in  the  fire  exhibited  the  fame 
properties  as  cryftallized  tartar,  without  any  vi- 
fible  antimonial  fmoke.  For  the  better  under- 
flanding  of  this,  we  muft  explain  the  peculiarities 
of  this  acid  when  expofed  to  fire  upon  charcoal, 
by  means  of  the  blow-pipe. 

The  cryftals  of  this  acid,  which  are  formed  by 
flow  evaporation,  refemble  thin  tranfparent  lamel- 
lae, irregularly  fituated  in  a way  which  is  called 
cellular  by  mineralogifts.  As  foon  as  the  external 
flu&uating  part  of  the  flame  reaches  the  cryftals, 
they  immediately  liquify,  and  form  a mafs  pellu- 
cid like  water ; this,  when  expofed  to  the  blue 
conical  nucleus  of  the  flame,  foams  with  a loud 
noife ; and  after  the  expulfion  of  the  water  grows 
black,  fends  forth  firft  a fmoke,  then  a blue 
flame,  and  leaves  a quantity  of  fpongy  fcorias; 
which  diminifhing  more  and  more  by  the  extre- 
mity of  heat,  at  length  become  entirely  white: 
this  refiduutn  eafily  diffolves  in  acids,  and  chan- 
ges the  blue  juices  of  vegetables  green,  in  the 
fame  manner  as  alkalis  do  $ and  this  is  alfo  the 

cafe 


OF  ANTIMONI ATED  TARTAR.  411 

cafe  with  thofe  parts  which  have  not  been  tried 
upon  the  cod.  From  an  attentive  confideration  of 
thefe  circumftances,  it  appears  that  this  acid  has 
but  little  effect  upon  the  metal  in  its  reguline 
(late ; and  the  powder  collected  upon  the  filter, 
not  being  diminifhed  in  weight,  confirms  this  opi- 
nion. 

(b)  Hepar  of  antimony,  prepared  with  an 
equal  quantity  of  nitre,  was  put  to  the  proof  with 
the  fame  quantity  of  acid,  and  in  the  fame  man- 
ner, except  that  it  was  only  boiled  fifteen  mi- 
nutes *,  but  the  refiduum  was  the  very  fame  with 
that  defcribed  in  the  lad  experiment,  both  with 
refpeft  to  cryftallization  and  habit  with  regard  to 
fire,  with  this  fingle  difference,  that  the  refiduum 
on  the  coal  is  of  a reddifh  brown. 

(c)  One  part  of  crocus  metallorum  was  boiled 
in  fix  of  the  acid,  diluted  with  water,  for  the  pur- 
pofe  of  evaporation ; this,  when  filtered,  after 
fourteen  days  depofited  a faline  radiated  mafs, 
which  gave  out  fomewhat  of  an  antimonial  fume, 
when  expofed  to  the  blow-pipe. 

(d)  One  part  of  glafs  of  antimony  boiled  for 
30  minutes  with  25  parts  of  acid,  filtered  and 
evaporated,  feparated,  on  the  furtace  of  the  li- 
quor in  the  veffel,  fmall  cryftalline  grains  ; but 
all  the  reft  grew  gradually  hard,  and  formed  a 
gelatinous  mafs  much  refembiing  cherry-tree  gum. 

This,  when  expofed  to  the  fire,  exhibited,  be- 
fidcs  the  phenomena  pf  acid  of  tartar,  not  only 

aq 
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an  intenfe  antimonial  fmoke,  but  feveral  metallic 
grains.  The  gelatinous  matter,  and  the  cryftal- 
line,  poflefied  the  fame  properties. 

(e)  One  part  of  diaphoretic  antimony,  boiled 
30  minutes  with  25  of  acid,  and  treated  as  the 
above  folutions,  yielded  at  length  a white  faline 
matter,  which,  expofed  to  flame,  fends  forth  a 
little  antimonial  fume  ; and  the  refiduum  is  of  a 
brownifh  colour. 

(f)  One  part  of  materia  perlata,  boiled  1 5 mi- 
nutes with  30  parts  of  acid,  yielded  a faline  cruft, 
which,  expofed  to  heat,  produced  an  antimonial 
fume,  and  a yellowilh  brown  porous  fubftance. 

(g)  One  part  of  powder  of  Algaroth  was  boil- 
ed 30  minutes  with  9 parts  of  acid,  and  then  fil- 
tered 

This  folution,  in  a digefting  heat,  became  all 
gelatinous ; but  afterwards,  in  a cold  place,  by 
means  of  an  air  fomewhat  moift,  became  elegant- 
ly (freaked  by  various  rays  and  branches.  This 
gelatinous  matter,  when  expofed  to  flame,  fwells 
violently,  and  yields  a copious  antimonial  fume, 
but  no  metallic  grains. 

At  another  time,  one  part  of  the  fame  powder, 
precipitated  by  water,  was  boiled  for  an  hour  with 
5 parts  of  acid ; this  was  difl'olved  without  any 
refiduum ; and,  on  flow  evaporation,  yields  irre- 
gular cryftals. 

(h)  Although  in  the  foregoing  folutions  the 
acid  abounded  very  much,  a good  deal  of  the 

metal 
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metal  remained  undiffolved,  notwithflanding  the 
boiling:  I attempted  to  faturate  the  powder  of 
Algaroth ; — for  this  purpofe  one  part  of  the  pow- 
der was  boiled  two  hours  with  three  of  acid, 
when  there  was  no  longer  any  refiduum ; not- 
withstanding which,  the  folution  retained  an  acid 
tafte,  and  changed  the  blue  juices  of  vegetables  to 
a red. 

Thefe  experiments  (hew  plainly,  that  the  acid 
of  tartar  alone  has  fcarce  any  power  in  diffolving 
this  femi-metal,  fo  long  as  this  laft  poffeffes  its  full 
proportion  of  the  inflammable  principle  ; but  that, 
in  proportion  as  this  principle  is  diminifhed,  the 
metal  is  more  fitted  for  folution : this,  however, 
is  to  be  underflood  within  certain  limits ; for  al- 
though diaphoretic  antimony,  beyond  doubt, 
contains  lefs  phlogifton  than  the  glafs,  yet  no 
confiderable  difference  takes  place  between  them 
with  refpeCt  to  folubility. 

§ v 1 1 . Antlmonlals  dijfolved  by  tartarized 

Tartar, 

Tartarized  tartar  being  a neutral  fait,  it  does 
not  at  firft  appear  probable,  that  it  can  poflefs  the 
property  of  diffolving  metals  and  other  fubflances; 
yet  the  following  experiments  prove  that  it  actual- 
ly does  poflefs  fuch  a property. 

(a)  One  part  of  the  regulus  was  boiled  40  mi- 
nutes with  8 parts  of  tartarized  tartar  dilfolved  in 
: • pure 
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pure  water,  and  after  filtration  was  fet  in  a cool 
place  ; a congeries  of  numerous  crydals  was  foon 
formed  at  the  bottom  ; a piece  of  this,  expofed 
to  the  fire,  fwelled  and  grew  black  ; its  former 
colour  changed  to  a white ; at  length  the  whole 
mafs  was  abforbed  by  the  charcoal,  in  the  fame 
manner  as  happens  to  crude  tartar ; and  this  oc- 
curs without  the  flighted  veftige  of  antimony. 

(b)  One  part  of  liver  of  antimony,  treated  in 
the  fame  manner  with  tartarized  tartar  for  30  mi- 
nutes, produced  the  fame  phaenomena  as  (a)  a- 
bove. 

(c)  One  part  of  crocus  metallorum  boiled  two 
hours  with  8 of  the  fame  fait,  give  tokens  of  an- 
timony, but  very  obfcure. 

(d)  One  part  of  glafs  of  antimony,  boiled  45 
minutes,  with  8 of  the  fait,  feparated,  upon  eva- 
poration, a fubftance  compofed  of  faline  fpiculas ; 
which,  when  expofed  to  flame,  fwelled  much,  and 
yielded  many  reguline  grains. 

(e)  Diaphoretic  antimony,  fubjedled  in  the 
fame  proportions  to  the  experiment  for  35  mi- 
nutes, exhibited,  upon  cryftallization,  the  fame 
phaenomena  as  in  (c). 

(f)  One  part  of  powder  of  Algaroth,  boiled 
20  minutes,  with  5 of  the  fait,  and  filtered,  yield- 
ed crydals  of  two  different  forts,  one  of  which 
confided  of  complete  tetraeda,  and,  expofed  to 
flame,  yielded  a great  number  of  metallic  grains ; 
the  other  refembled  faline  fpiculae,  and  feemed  to 

be 
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be  no  other  than  crude  tartar  j and  this  being 
with  difficulty  feparated  from  the  former,  fome- 
times  exhibited  marks  of  antimony. 

In  another  experiment,  two  parts  and  a half  of 
tartarized  tartar  were  faturated  by  half  an  hour’s 
boiling  with  one  of  Algaroth,  and  formed  a 
browniffi  red  folution,  which  gave  a flight  red 
tinge  to  tinfture  of  turnfole,  and  evaporated  to 
drynefs,  exhibited  cryftalline  grains,  amounting 
to  three  parts  and  an  half. 

Hence  it  is  fufficiently  evident,  that  tartarized 
tartar  can  aftually  diflolve  antimony,  although 
that  fait  had  been  purpofely  prepared  in  fuch  a 
manner  that  the  alkali  fliould  prevail,  to  avoid 
deception  from  fuperabundant  acid ; befides,  the 
extraordinary  agreement  of  this  with  the  acid  of 
tartar,  appears  from  hence,  that  both  menftrua 
aft  either  not  at  all,  or  a little,  or  much,  upon  the 
very  fame  preparations. 

i 

§ vm.  Antimomals  diffolved  by  Cream  of 

Tartar. 

4 . v • 

The  different  ftrength  of  the  tartareous  acid, 
and  of  tartarized  tartar,  being  examined,  we 
might  in  fome  meafure  judge  from  thence,  of 
the  efficacy  of  tartar  which  is  compofed  of  thefe 
two  ; but  any  reafoning  of  that  kind,  not  con- 
firmed by  experiment,  muft  be  fallacious. 

(a)  Two  parts  of  liver  of  antimony,  boiled 

with 
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with  one  of  tartar,  after  the  cryftals  that  firft 
formed,  yielded  nothing  but  an  infipid  faline 
gum. 

( b)  One  part  of  crocus  metallorum,  boiled 
with  eight  of  tartar,  cemented  into  a gummy  fub- 
ftance  of  a brownifh  yellow  colour. 

(c)  One  part  of  glafs  of  antimony  requires  at 
leaf!:  three  of  tartar ; if  it  then  be  diffolved  by 
boiling,  it  will  yield  cryftals. 

(d)  Three  parts  of  diaphoretic  antimony,  made 
of  regulus,  united  by  boiling  with  two  parts  of 
tartar,  on  evaporation  yielded  at  firft  fome  cry- 
ftals, the  refiduum  was  a gum,  which,  when  well 
dried,  did  not  attraft  moilture. 

(e)  Tartar  fcarcely  a£ts  upon  materia  perlata. 

(f)  Two  parts  of  Algaroth’s  powder  obtained 
by  water,  require  feventy  of  tartar  ; if  there  be 
more  of  the  menflruum,  and  the  proper  quantity 
of  water,  difiipated  by  evaporation,  the  fupera- 
bundant  tartar  concretes,  containing  no  more  an- 
timony than  that  which  is  held  by  the  water  of 
the  cryftals : this  combination  reddens  turnfole ; 
on  evaporation  it  firft  depofits  cryftals,  and  then 
exhibits  a clear  jelly  ; a large  quantity  of  water 
gradually  decompofes  it  by  feparating  the  antimo- 
nial  calx. 

(g)  Two  parts  of  the  argentine  flowers,  boiled 
with  one  of  tartar,  yield  cryftals,  but  no  gum : 
the  cryftals  amount  to  about  one  fifth  of  the 
weight  of  the  antimony. 


(h)  Bezoar 
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(h)  Bezoar  mineral  is  not  diflblved ; but  anti- 
mony, diflblved  in  a proper  aqua  regia,  and  pre- 
cipitated by  fixed  alkali,  is  readily  a&ed  upon, 
and  forms  cryftals. 

In  general,  to  expedite  the  folution  of  antimo- 
nials,  we  may  ufe  partly  a fixed  alkali,  and  partly 
borax. 

Argentine  flowers  fufed  with  one  half  of  mine- 
ral alkali,  run  together  into  a yellow  mafs,  cover- 
ed with  a green  cruft  : three  parts  of  this,  redu- 
ced to  powder,  are  diflblved  by  one  of  tartar,  and 
the  whole  mafs  becomes  gummy. 

If  one  part  of  tartar  be  added  to  one  half  of  fe- 
dative  fait,  three  parts  of  this  combination  take  up 
one  of  glafs  of  antimony,  and  form  a gum,  which, 
being  carefully  dried,  fplits  into  a yellow  powder, 
which  is  faid  to  excel  common  emetic  tartar,  both 
in  virtue  and  folubility : but  tartar  is  not  by  this 
artifice  rendered  more  capable  of  diflolving  either 
fegulus,  crude  antimony,  or  argentine  flowers, 
than  the  tartar  alone  is. 

Borax  firft  calcined,  and  melted  with  an  equal 
quantity  of  crocus  metallorum,  fonns  a mafs  of 
an  hepatic  colour,  five  parts  of  which,  mixed 
with  eight  of  tartar,  diflblved  in  water,  inftantly 
generate  a colour  like  that  of  kermes  mineral,  and 
leave  no  more  than  two  parts  undiflblved,  which 
alfo  refemble  the  kermes : by  evaporation  we  get 
a red  gummy  fait. 

Vol.  I.  D d 
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Tartarized  borax  attacks  crude  antimony,  form- 
ing a tran (parent  gummy  fait  of  an  amber  colour, 
one  part  of  which  unites  with  eight  parts  of  tartar, 
and  holds  them  diffolved. 


§ ix.  Preparation  of  an  antimonial  Emetic , 
which  may  be  depended  upon. 

The  foregoing  experiments  furnifh  us  with  two 
methods  of  preparing  an  emetic  of  determined  ef- 
ficacy. 

Let  powder  of  Algaroth  be  ufed  as  the  bafis,  as 
it  always  contains  an  equal  quantity  of  phlogifton, 
which  is  of  great  confequence  (§  v.);  and  let  that 
feparated  by  water  be  chofen,  as  it  is  more  certain 
than  that  which  is  obtained  by  means  of  alkali 
(§  iv.)  The  prefence  of  marine  acid  is  of  no 
confequence,  provided  the  quantity  be  always  the 
fame  ; — and  let  the  menftruum  be  either  cream  of 
tartar  or  tartarifed  tartar  : either  of  the  falts,  thus 
prepared,  will  afford  an  antimonial  medicine  for 
the  (hops,  of  a conftant  and  determined  degree  of 
efficacy  ; but  as  they  differ  in  their  own  nature, 
and  in  the  quantity  of  matter  which  they  take  up, 
their  effe&s  muff  differ,  at  leaft  in  degree.  1 
here  only  mean  to  invefligate  the  method  of  pre- 
paring medicines  which  {hall  always  poffefs  the 
fame  degree  of  power ; and  this  end  is  obtained 
by  both  thefe  operations.  It  belongs  to  the  prac- 
titioner to  determine  the  ufe  of  thefe,  and  to  dis- 
cover 
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£over  whether  there  be  fo  great  a difference  be- 
tween them,  that  it  is  neceffary  to  be  provided 
with  both ; or  whether  One  of  them  may  not  an- 
fwer  the  purpofe,  by  varying  the  dofe.  In  the 
mean  time,  I fubjoin  the  method  of  properly  pre- 
paring the  two  $ and  firfl  of 

sintimoniated  tartar : — -let  five  ounces  of  cream 
of  tartar,  reduced  to  powder,  and  two  drachms 
and  an  half  of  powder  of  Algaroth,  precipitated 
by  warm  water,  wafhed,  and  dried,  be  gently- 
boiled  in  a glafs  veffel  for  half  an  hour,  in  half  a 
kanne  of  water  ; this  being  done,  there  generally 
remains  a fmall  quantity  of  a blackifh  mercurial 
powder.  I do  not  faturate  the  tartar  completely, 
as,  in  that  cafe,  fome  of  the  folution  turns  to  a 
gelatinous  matter,  and  the  fait  refulting,  being 
long  fulpended  in  the  water j is  more  eafily  de- 
compofed,  which  occafions  confiderable  inconve- 
nience in  pradice  (§  vm.  f.):  befides,  the 
weight  of  a weaker  medicine  being  greater,  its 
quantity  may  be  afcertained  with  more  accuracy  , 
and  it  may  be  taken  at  different  times,  without 
any  danger : let  the  filtered  folution  be  evaporated 
in  an  open  veffel  (not  metallic)  till  a pellicle  ap- 
pears ; let  it  then  be  kept  in  a digefling  heat  till 
cry ftals  form,  which  muff  be  taken  away  by  de- 
grees, and  dried  on  moiftened  bibulous  paper  j— — 
all  the  clear  cryftals  are  equal  in  weight  to  the 
tartar  employed:  the  more  purely  faline  crufh 
adhering  to  the  Tides  of  the  veffel,  amounting  to 
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about  half  an  ounce,  are  to  be  well  walhed  off 
with  cold  water,  and  kept  by  themfelves — the  laft 
red  and  thick  lixivium  mull  be  thrown  away. 

T artarifed  tartar  antimoniated  : — let  ten 
ounces  of  tartarized  tartar,  and  three  drachms  of 
Algaroth’s  powder,  prepared  as  in  the  lafl  pro- 
cefs,  be  boiled  in  a glafs  veffel  for  half  an  hour, 
with  one-fourth  of  a kanne  of  water:  let  the  fo- 
lution  be  filtered,  evaporate  the  brownifh  red  lixi- 
vium till  a pellicle  appears,  expofe  it  then  to  a di- 
gefting  heat,  and  cryftals  will  feparate  by  degrees  $ 
thefe  mull  be  dried  upon  wet  bibulous  paper: — 
when  collected  they  only  equal  half  the  weight  of 
the  menllruutn ; the  faline  crults,  which  may  be 
purified  by  walking,  fcarcely  exceed  one  tenth  of 
the  tartarized  tartar — the  reft,  together  with  the 
dark  red  lixivium,  fhould  be  thrown  away. 

§ x.  Properties  of  antimoniated  Tartar. 

The  emetic  fait,  prepared  after  the  manner  notv 
defcribed  (unlefs  the  natural  coalefcence  of  the 
particles  be  fomehow  interrupted)  is  of  an  o&ae- 
dral  figure,  the  pyramids  fomewhat  more  elonga- 
ted than  thofe  of  alum ; the  cryftals  are  colour- 
lefs  as  water,  and  either  wholly,  ot  for  the  moft 
part,  tranfparent : the  antimony  conftitutes  about 
a third  of  their  weight ; they  neither  crack  in  the 
air,  nor  attratt  moifture  ; but,  when  old.  alfume 
an  dpake  whitenefs : expofed  to  flame  with  the 
. blow- 
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blow-pipe,  they  decrepitate,  burn,  emit  an  an- 
timonial  fume,  and  leave  upon  the  coal  fome  me- 
tallic grains. 

In  a moderate  heat  (150)  diftilled  water  diffolves 
about  -5V  its  own  weight,  or  nearly  three  grains, 
in  half  an  ounce  ; and  that  without  any  alteration, 
either  in  colour  or  clearnefs.  Tin&ure  of  turnfole 
is  fcarcely  reddened  by  the  folution ; alkalis,  whe- 
ther fixed  or  volatile,  caufiic  or  mild,  precipitate 
it ; the  fubtile  fnowy  powder  which  feparates  ad- 
heres very  ftrongly  to  the  glafs  veffels  in  which 
the  operation  is  performed. 

In  the  firft  lixivium  (§  ix.)  a remarkable  differ- 
ence is  obferved  with  refpedt  to  this  precipitant ; 
for  if  it  be  entirely  pure  or  caufiic,  a white,  fub- 
tile, and  very  fpongy  powder  is  feparated,  which 
fubfiding,  remains  unchanged  ; but  if  the  alkali 
be  mild,  after  a few  hours  the  precipitate  begins 
to  concrete  in  the  form  of  radii  diverging  from 
different  points,  refembling  thofe  figures  by  which 
fculptors  imitate  the  fun : but  if  the  folution  con- 
taining thofe  radiating  inaffes  be  expofed  to  an 
heat  of  30%  within  a quarter  of  an  hour  the  fi- 
gures difappear,  and  nothing  remains  but  a fhape- 
lefs  powder. 

1 hat  which  is  precipitated  by  common  fixed  al- 
kali after  wafhing,  being  expofed  to  flame,  be- 
trays fcarcely  any  antimony:  it  leaves  a white 
fpongy  mafs  which  is  totally  foluble  in  marine  acid, 
but  is  fo  far  front  being  diffolved  by  vitriolic  acid, 
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that,  by  that  acid,  it  is  precipitated  from  the  ma- 
rine. 

A like  precipitate  is  obtained  by  means  of  com- 
mon volatile  alkali:  but  that  which  is  obtained  by 
cauftic  volatile  alkali  does  not  exhibit  thefe  figures  j 
gives  out  fcarce  any  fmoke  when  expofed  to 
flame  ; and  forms  an  afh-coloured,  fufible,  but 
fixed  glafs : lime-water  alfo  precipitates  it,  but 
the  precipitate  is  again  dififolved,  upon  agitation, 
unlefs  a fufficient  quantity  of  lime  water  had  been 
added  at  firfl ; — in  this  precipitation  too  the  figures 
appear. 

By  concentrated  vitriolic  acid  a large  quantity 
of  white  matter  is  thrown  down,  which  again  dif- 
appears  on  agitation;  if  collected,  vafhed,  and 
expofed  to  flame  it  firft  grows  brown,  and  con- 
cretes into  little  maffes,  which  afterwards  give  out 
an  antimonial  fume,  and  are  cor.fumed. 

Hepar  fulphuris,  dropped  into  the  faline  folu- 
tion,  produces  a fulphur  auratum. 

The  reddifh  yellow  colour  of  this  lixivium  de- 
pends upon  iron,  as  is  eafily  lhewn  by  phlogifti- 
cated  alkali,  which  immediately  generates  Piuffian 
blue. 


i xi.  Properties  of  tar  tori  zed  Tartar  anti- 

moniated. 

Tartarized  tartar,  ftibiated,  forms  rarely  tetrae- 
dral,  but  generally  o&aedral  cryftals,  if  fuffered 

to 
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to  cry  ft  alii  ze  freely ; of  thefe  fome  are  pellucid, 
and  void  of  all  colour,  others  have  a little  opake 
whitenefs ; the  habits  of  the  cryftals,  both  in  the 
air  and  fire,  are  the  fame  with  thofe  of  the  anti- 
moniated  tartar  : the  metal  forms  about  one-fifth 
of  their  weight.  Diftilled  water,  in  a moderate 
heat,  takes  up  nearly  its  own  weight,  that  is 
five  grains  in  half  an  ounce,  and  (till  retains  its  co- 
lour and  clearnefs ; it  {hews  fome  faint  figns  of  a 
fuperabundant  acid  ; ,the  alkalis  and  vitriolic  acid 
produce  the  fame  phenomena  as  we  defcribed  in 
the  former  feCtion ; with  this  difference,  that  they 
are  produced  more  fparingly  and  {lowly,  and  that 
the  figures  there  mentioned  do  not  in  this  cafe 
occur. 

The  folution  of  the  firft  boiling  is  of  a brownifii 
Ted,  and  the  magiftral  lixivium  ftill  more  fo  : for 
experiment  fake,  a little  diftilled  pure  vinegar  was 
poured  in,  and  afterwards  a fingle  drop  of  phlo- 
gifticated  lixivium,  and  in  an  inftant  the  blue  co- 
lour appeared  : the  iron  then,  in  this  cafe,  is  pre- 
fent  without  an  acid ; for,  to  decompofe  the 
phlogifticated  alkali,  a double  ele&ive  attraction 
is  required.  Many  of  the  laft  lixivia,  which  are 
red,  and  do  not  readily  form  cryftals,  doubtlefs 
owe  their  properties  to  dephlogifticated  iron. 

Whence,  in  the  prefent  cafe,  this  metal  can 
come,  is  not  at  prefent  very  clear  : the  allies  are 
indeed  boiled  to  drynefs  in  an  iron  pot  j but  the 
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cream  of  tartar  is  purified  in  brafs  veflels  : befides, 
the  white  alkali  of  tartar,  when  boiled  in  a glafe 
veffel  with  powder  of  Algaroth,  gave  alfq  a brown- 
ilh  red-coloured  tinge. 


DIS- 
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DISSERTATION  XI. 
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MAGNESIA. 


§ i.  Brief  Hifiory  of  Magnefia. 

AT  the  beginning  of  the  prefent  century,  a 
certain  canon  regular  fold,  at  Home,  a fort 
of  powder,  under  the  title  of  magnefia  alba,  or 
Count  Palma’s  powder,  which  he  afferted  to  be  a 
panacea  . but  the  preparation  of  it  was  folicitoufly 
concealed  as  a profound  fecret,  until  Mich.  Bernh. 
Vdlentini,  in  the  year  1707  (a),  difclofed  the  me- 
thod of  preparing  it,  by  calcination,  from  the  laft 
lixivium  of  nitre.  Two  years  after,  Joh.  Iiadr. 

1 1 

, . . 4 # 

' a \ In  a difTertation  printed  at  Giefla.  In  his  Praxis 
Mcdica,  he  calls  this  earth  the  laxativuin  polychrejlum. 

Slevoght 
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Slevoght  ( b ) taught  another  and  more  eafy  me- 
thod of  procuring  it,  by  precipitation.  After  this, 
in  1717,  Lancifi  (r ) wrote  upon  thisfubjeft;  as 
alfo  did  Fred.  Hoffman  (ti),  and  other  moderns. 
From  that  time  the  ufe  of  this  powder  has  very 
much  increafed,  and  it  is  now  introduced  into  moft: 
difpenfatories. 

Many  confidered  this  powder  as  calcareous 
earth,  as  they  were  not  acquainted  with  any  other 
which  effervefced  with  acids,  and,  above  all,  be- 
caufe  they  neglected  all  further  examination. — • 
However,  F.  Hoffman  obferved,  that  it  differed 
from  the  earth  prepared  from  crabs  eyes,  {hells  of 
oyfters,  and  eggs,  in  this  particular,  that  all  thefe, 
united  with  vitriolic  acid,  afford  an  infipid  fait ; 
whereas  magnefia  produces  one  intenfely  bitter. 
At  length  the  nature  and  properties  of  magnefia 
were  completely  elucidated  by  two  of  the  moft  ce- 
lebrated chymifts  of  the  prefent  age  ; I mean  Dr 
Black,  of  Edinburgh,  who  publifhed  his  experi- 
ments in  1755  (e),  and  the  Principal  ot  the  aca- 
demy at  Berlin,  A.  S.  Margraaf,  who  publiflied 
his  in  1759,  a,  it  Jbould  Jbtm , entirely  ignorant 
of  Dr  Black’s  Effays  (/  ).  Both  thefe  gentlemen 
have  examined  the  nature  of  this  earth  with  tfte 

(3‘  In  a diflertation  printed  at  Jena,  1709. 

(c)  Annot.  in  Mercati  Metalloth. 

{d)  Obf.  Phyfico-chem. 

( e ) Edinburgh  Eflays. 

( f)  Men?.  Berlin. 
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utmoft  accuracy  and  diligence  ; and  have  mod 
evidently  Ihewn,  that  it  differs  altogether  from 
lime  : but,  contented  with  difcovering  its  proper- 
ties and  diftinguifhing  charafteriflics,  they  paf$ 
over  its  genefis,  as  not  being  yet  afcertained  by 
undoubted  experiments.  It  is  certain  that  the  ge- 
nefis and  reciprocal  tranfmutations  of  bodies  are 
fubjetts  fo  deep,  that  nothing  concerning  them, 
fhould  be  determined  from  a flight  fimilitude,  or 
rude  and  imperfect  experiments ; thefe  being  mat- 
ters which  are  only  to  be  eftablifhed  by  the  agree- 
ment of  the  mod  accurate  analyfis  and  fynthefis. 
If  we  were  at  liberty  to  adapt  obfervations,  ex- 
periments, and  the  very  nature  of  things,  to  pre- 
conceived theories,  there  would  foon  be  an  end 
to  all  the  excellence  and  certainty  of  natural  phi- 
lofophy,  and  that  fcience  would  be  entirely  over- 
turned. 

I {hall,  for  the  fake  of  connexion,  briefly  re- 
late the  difcoveries  of  thefe  two  very  expert  chy- 
mifls  ; but  my  chief  labour  {hall  be  employed  con- 
cerning thofe  circumftances  which  they  have  either 
omitted,  or  touched  upon  but  {lightly. 

§ 11.  Preparation  of  Magnejia. 

This  powder  may  be  prepared  in  many  different 
ways  ; the  rnofl;  pure  is  that  precipitated  from  Ep- 
fom  fait : fcarcely  more  than  half  the  weight  of  al- 
kali of  tartar  is  requifite  \ but  as  that  fait  is  expen- 

five. 


428 


OF  MAGNESIA. 


five,  pot-afhes  are  generally  ufed  : however,  as 
thefe  are  commonly  mixed  with  vitriolated  tartar, 
and  with  filiceous  earth,  nearly  an  equal  quantity 
is  neceffary  : both  the  falts  fhould  be  diffolved  in 
at  lead  a double  quantity  of  pure  water ; after  fil- 
tration, they  are  to  be  mixed  and  boiled,  then  fet 
to  (land  at  reft,  until  a powder  precipitates ; the 
clear  water  is  then  poured  off,  and  frefli  warm 
water  added  ; this  again  is  to  be  poured  off,  and 
the  operation  repeated,  until  the  precipitate  is 
freed  from  all  the  heterogeneous  matter,  which 
can  be  waflied  away  by  water  : finally,  the 
whole  refiduum  is  to  be  dried  upon  a filter  or  a 
cloth. 

100  parts  of  Epfom  fait  produce  about  42  of 
aerated  magnefia ; but  only  25  of  magnefia  which 
does  not  effervefce  with  acids : this  difference 
depends  upon  the  precipitating  alkali,  as  it  is  fatu- 
rated  with  or  deprived  of  aerial  acid.  In  the  for- 
mer cafe,  58  parts  of  alkali  are  requifite ; in  the 
latter,  about  45  ; — the  filtered  liquor  yields  about 
32  of  vitriolated  vegetable  alkali. 

The  rationale  of  the  operation  is  this  : — the 
double  portion  of  water,  added  to  the  two  falts  to 
be  mixed,  is  not  only  fufficient  to  diffolve  them, 
but  alfo  the  vitriolated  alkali  which  is  generated 
by  the  mixture.  The  vitriolic  acid  of  the  Epfom 
fait  attacks  the  alkali,  and  expels  the  aerial  acid, 
if  any  be  prefent,  which  unites  intimately  with  the 
deferted  magnefia  : but  the  boiling  prevents  the 
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magnefia  from  being  diflfolved  in  the  water,  by  a 
fuperabundance  of  the  aerial  acid.  By  calculation, 
58  parts  of  alkali  of  tartar  contain  about  13  of  ae- 
rial acid  j ioi  of  which  are  juft  fufficient  to  fa- 
turate  1 9 of  pure  magnefia ; therefore,  are 
left  to  unite  with  the  water  : if  this  be  equal  or 
fuperior  to  1,388  parts,  (for,  in  a moderate  heat, 
water  can  take  up  at  leaft  0,0018  of  its  own 
weight),  when  thus  faturated  with  aerial  acid, 
therefore,  it  can  take  up  nearly  ~ of  the  precipi- 
tate, (§  iv.):  the  menftruum,  therefore,  which 
diminiffies  the  quantity  of  the  mals  required,  be- 
ing volatile,  muft  be  expelled  by  heat.  At  firft 
fight,  it  cannot  but  appear  very  fingular,  that  fo 
much  alkali  is  neceflary  to  effe<ft  a complete  pre- 
cipitation ; while,  at  the  fame  time,  not  above  30 
parts  of  vitriolated  tartar  are  obtained,  which  con- 
tain at  rnoft  but  17  parts  of  pure  alkali  : but  we 
muft  in  general  take  notice,  that,  to  effedt  a com- 
plete decompofition,  the  quantity  of  a precipitant 
which  would  be  fufficient  to  faturate  the  matter  in 
a difengaged  ftate,  is  by  no  means  fufficient ; triple, 
quadruple,  nay  fometimes  fextuple  the  quantity, 
being  neceflary  : befides,  the  alkali,  which  in  this 
cafe  is  fuperabundant,  renders  the  vitriolated  tar- 
tar more  loluble ; fo  that  the  whole  does  not  eafily 
cryftallize. 

Ihe  laft  lixivia  of  nitre,  and  of  common  fait, 
which  refufe  to  cryftallize,  contain  magnefia,  dif- 
folved in  nitrous  or  marine  acid  j and  the  magne- 
fia 
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fia  is  colletted  by  precipitation,  evaporation  to 
drynefs,  and  calcination  : if  it  is  obtained  from 
nitrous  acid,  it  is  called  magnefia  of  nitre,  to 
which  the  name  of  pulvis  fentinelli  was  formerly 
given ; — that  which  is  got  from  marine  acid  is 
called  magnefia  of  common  fait : the  former  al- 
ways abounds  in  heterogeneous  matter,  particu- 
larly with  lime  ; hence  the  nitrous  lixivium  yields 
more  than  four  times  the  weight  of  powder  which 
is  obtained  from  the  marine  lixivium  (g).  The 
magnefia  obtained  by  precipitation  is  very  different 
from  that  obtained  by  calcination ; as  this  latter 
can  fcarcely  be  entirely  freed  from  marine  acid  ; 
and  befides  we  fhall  fee  hereafter  the  effedt  of  the 
fire  (§  hi  )* 


$ iii.  Pure  Magnefia . 

Common  magnefia,  after  having  jbeen  expofed 
to  a white  heat,  does  not  effcrvefce  with  any  acid 

(g)  i lb.  of  a nitrous  ley  affords,  according  to  Spiel- 
man,  4 oz.  of  magnefia,  by  calcination,  and  5 by  preci- 
pitation. Margraaf,  out  of  1 lb.  of  marine  ley,  obtained 
I oz.  ii  drachm,  and  10  grains,  by  alkali  of  tartar,  and. 
by  volatile  alkali  1 oz. : when  volatile  alkali  is  ufed,  a 

fait,  conlifting  of  three  ingredients,  is  found  in  the  li- 
quor, viz.  of  magnefia,  volatile  alkali,  and  vitriolic  acid, 
which  cannot  be  feparated  by  cryftallization.— Hoffman, 
in  the  laft  ley  of  the  falt-works  at  Hall,  found  mag- 
nefia. 
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the  aerial  acid  being  expelled  by  the  fire.  If  the  o- 
peration  be  properly  conduced,  100  parts  of  mag- 
nefia  will  lofe  55  of  their  weight : this  lofs  is  oc- 
cafioned  by  the  expulfion  both  of  the  water  and 
the  aerial  acid.  If  the  heat  be  violent,  and  long 
continued,  a greater  lofs  of  weight  is  found  to  take 
place,  as  the  violence  of  the  fire  is  capable  of  dif- 
fipating  fome  even  of  the  fixed  parts. 

After  proper  calcination,  I call  the  magnefia 
pure,  becaufe  it  is  freed  from  water  and  aerial 
acid  : but  it  can  fcarcely  be  obtained  perfe&Iy 
pure,  except  by  means  of  the  volatile  alkali : for 
the  fixed  alkalis,  when  ufed  as  precipitants,  adul- 
terate the  magnefia,  frequently  with  lime,  but  al- 
ways with  filiceous  earth  ; with  which  the  alkali  of 
tartar  is  found  loaded,  unlefs  when  cryftallized  : 
the  mineral  alkali,  when  properly  reduced  to  cry- 
ftals,  is  likewife  free  from  filiceous  earth.  Cal- 
cined magnefia  diffolves  in  all  the  acids  but  flowlv, 
and  without  effervefcence ; and  in  this  ffate  re- 
quires about  the  fame  quantity  of  acid  to  faturate 
it  as  before  the  calcination ; and  forms,  with  the 
acids,  the  very  fame  middle  falts  : it  does  not 
grow  fenfibly  warm  with  water,  nor  does  it  dif- 
folve  in  it  like  lime ; it  is  therefore  a true  earth, 

fo  far  as  can  be  colle&ed  from  experiments  hither- 
to made. 

100  parts  of  pure  magnefia,  fleeped  in  water, 
after  drying  are  found  to  have  increafed  in  weight 
more  than  185  whereas  ico  of  magnefia,  fatura- 
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ted  with  aerial  acid,  take  up  66  (§  iv.).  The 
pure  magnefia  does  not  effervefce  in  acids,  but  in 
great  length  of  time,  in  the  open  air,  it  recovers 
this  property  by  attracting  aerial  acid  from  the  at- 
mofphere  : why  it  diflolves  fo  very  llowly  in  acids 
we  (hall  fee  in  § xix. 

Pure  magnefia  cannot  deprive  any  alkali,  ex- 
cept the  volatile,  of  its  aerial  acid,  as  acids  have  a 
ftronger  affinity  to  them  than  to  magnefia.  It  does 
not  precipitate  lime-water,  but  it  precipitates  all 
metals,  not  excepting  platina,  from  their  folution 
in  acids  with  it : nitrated  filver  yields  a black  pre- 
cipitate, and  corrofive  fublimate  one  obfcurely 
red.  It  alfo  decompofes  ammoniacal  falts,  but 
llowly ; fo  that  at  firft:  there  is  fcarce  any  percep- 
tible odour  ; but  if  the  mixture  be  fufficiently  moi- 
ftened,  and  kept  24  hours  in  a clofe  corked  bottle, 
when  the  bottle  is  opened  the  volatile  alkaline  fmell 
will  be  obferved  very  unequivocally. 

Magnefia  expofed  for  a long  time  to  a very  in- 
tenfe  heat,  begins  to  coalefce,  and  ffiew  figns  of 
fufion,  particularly  the  magnefia  which  is  obtained 
from  the  lixivia  by  calcination.  It  flows  eafily  with 
borax,  or  with  the  microcofmic  falts  : with  equal 
parts  of  flint  and  borax  it  aflumes  the  form  of  a 
beautiful  glafs  like  the  topaz  : with  equal  parts  of 
flint  and  mineral  fluor,  a glafs  is  produced  of  the 
colour  of  the  chryfolite  fufed  : with  an  equal 
weight  of  fluor  mineral,  it  penetrates  and  diflolves 
the  crucible. 
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Magnefia,  mixed  alinoft  in  any  proportion  with 
lime,  pure  clav , and  flint,  flows  in  the  fire ; and, 
with  a quadruple  proportion  of  green  glafs,  forms 
a mafs  like  pore  lain,  which  gives  fire  with  fleel. 
— Even  an  equal  weight  of  flint,  of  quick  lime,  of 
terra  ponderofa,  of  glafs,  of  lead,  of  alkali  of  tar- 
tar, and  finally  of  vitriolated  tartar*  will  not  flow 
alone  with  magnefia;  but  common  clay  runs  with 
it  into  an  hard  mafs. 

Glafs  cemented  in  magnefia  refembles  porce- 
Iain  (/?). 


§ iv.  Aerated  Magnefia . 

That  magnefia  which  is  faturated  with  aerial  a- 
cid  l call  aerated  magnefia,  becaufe  it  contains 
that  acid  which  abounds  in  the  atmofpheric  air : 
fuch  is  that  which  is  precipitated  by  a cryftallized 
fixed  alkali  (§  11.);  this  effervefees  in  acids,  and 
by  a flow  faturation  lofes  0,25  of  its  weight;  the 

j 

(*)  M<  Morveau  here  relates  an  experiment,  w which 
he  expofed  magnefia,  and  at  the  fame  time  calcareous  earth, 
to  a violent  heat : the  former  (hewed  no  fign3  of  fufion, 
nor  did  it  even  adhere  to  the  crucible  ; the  calcareous  earth 
was  fufed  along  with  part  of  the  bottom  of  the  crucible. 
He  had  before  afTerted  that  magnefia  was  one  of  the  moll 
fufible  earths  per  fe,  and  promoted  very  much  the  fufion 
of  other  earths  an  opinion  he  now  retra&s.  Macquer 

and  d’Arcet  had  before  fhewn  the  refra&orinefs  of  this 
earth.  B. 
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fubftance,  of  which  the  expulfion  occafions  this 
lofs,  being  colledted  by  a proper  apparatus,  and 
examined,  is  found  to  pofl'efs  all  the  qualities  of 
aerial  acid.  Hence  it  follows,  that  ioo  parts  of 
aerated  magnefia  contain  * 25  of  that  acid,  30  of 
water,  and  45  of  an  earthy  matter  diftinft  from 
all  others  hitherto  known  (§  in.  and  xix.).  Mag- 
nefia, fully  aerated,  contains  30  lb.  in  1*00  of  ae- 
rial acid : it  is  therefore  in  reality  a medial  earthy 
fait,  of  which  (when  completely  cryftallized)  a 
kanne  of  diftilled  water,  in  a moderate  heat,  takes 
up  47  grains.  Water  faturated  with  aerial  acid 
dilfolves  a far  greater  quantity,  even  fo  far  as  an 
ounce  and  a quarter ; provided  the  water,  loaded 
with  abundance  of  the  acid,  meets  the  magnefia 
minutely  divided,  as  in  the  moment  of  precipita- 
tion, as  it  is  in  that  Hate  more  expofed  to  the  ac- 
tion of  the  furrounding  menftruum.  A folution 
of  this  fort  in  the  open  air  is  gradually  deprived  of 
its  fuperabundant  acid,  which  flies  off,  and  thence 
a portion  of  magnefia,  which  had  been  diffolved, 
muff  feparate  $ this  takes  place  firft  upon  the  fur- 
face,  as  it  is  there  the  volatile  menftruum  firft 
begins  to  be  deficient.  The  pellicle  which  is  form- 
ed, on  examination  is  found  to  poffefs  the  proper- 
ties not  of  lime,  but  of  magnefia. 

Evaporation  being  conduced  leifurely,  cryftals 
alfo  appear,  partly  confiding  of  pellucid  grains, 
partly  of  fafciculi  of  rays  diverging  from  the  fame 
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point  (/).  Diftilled  water,  aerated,  and  faturated 
with  magnefia,  exhibit's  the  following  properties 
with  precipitants. 

(a)  It  makes  paper  weakly  tinged  with  turnfole 
more  diflin&ly  blue  ; paper  ftained  red  by  Brazil 
wood  it  makes  blue ; and  induces  a light  brown 
upon  the  yellow  of  turmeric  : fo  that  at  firft  we 
fhould  afcribe  thefe  changes  to  an  alkaline  mix- 
ture, which  adhered  in  the  precipitation,  and  had 
eluded  the  wafhiing ; but  this  fufpicion  foon  fails 
to  the  ground,  if  we  employ  magnefia  precipitated 
with  volatile  alkali,  as  this  alkali  produces  the  fame 
changes  of  colour;  but  we  muft  obferve  thefe 
changes  quickly  difappear,  together  with  the  vo- 
latile lubftance  which  has  occafioned  them  ; where- 
as thofe  made  by  magnefia,  although  precipitated 
by  this  alkali,  are  permanent;  they  theretore  de- 
pend upon  the  earth  alone. 

(b)  Upon  the  addition  of  acids,  innumerable 
bubbles,  extremely  thin,  float  on  the  furface ; 
thefe  are  occafioned  by  the  aerial  expelled  by  the 
ftronger  acids. 

(c)  Aerated  fixed  alkali  occafions  no  change, 
unlefs  the  quantity  of  water  be  infufficient  for  dif- 
folving  the  magnefia  and  the  alkali  both  together  ; 
in  which  cafe  the  former  is  feparated  : but  if  a 
pure  cauflic  alkali  be  employed  in  proper  quantity, 
the  earth  is  immediately  precipitated  pure,  i.  e. 

(0  Tab.  i.  fig,  8.  -v 
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incapable  of  effervefcing  with  acids  (§  in.).  Thefe 
alkalis  are  therefore  capable  of  feparating  aerial 
acid  from  magnefia. 

Lime  (which  in  its  peculiar  properties  bears 
fome  analogy  to  fixed  alkalis)  in  this  cafe  has  the 
very  fame  effe&s  as  fixed  alkali ; when  faturated 
with  aerial  acid  it  occafions  no  change,  but  lime- 
water  or  quick  lime  precipitates  the  magnefia  pure. 

The  aerial  acid  adheres  more  readily  to  magne- 
fia than  to  the  volatile  alkali ; for  if  the  former, 
when  cauftic,  be  added  to  the  latter,  and  kept  in 
a clofe  veffel  for  fome  days,  at  length  the  alkali  is 
found  cauftic,  and  the  magnefia  will  effervefce 
with  acids.  Another  experiment  feems  indeed  to 
overturn  this ; for  magnefia  diffolved  in  water  by 
means  of  aerial  acid,  is  precipitated  by  pure  vo- 
latile alkali : but  it  is  to  be  obferved,  that  here 
the  precipitate  effervefces  with  acids,  fo  that  the 
alkali  has  taken  away  none  but  the  fuperabundant 
aerial  acid ; and  the  portion  of  magnefia,  which 
was  only  held  diffolved  by  the  fuperab undance, 
neceffarily  falls  to  the  bottom. 

(d)  All  the  middle  falts,  whether  earthy  or 
metallic,  are  precipitated  by  aerated  magnefia, 
and  that  by  means  of  a double  elective  attra&ion, 
as  pure  magnefia  has  not  that  effedt.  By  this  me- 
thod lime  and  terra  ponderofa,  diffolved  in  other 
acids,  are  thrown  down  ; for  while  their  menftrua 
feize  the  magnefia  they  themfelves  fall  to  the  bot- 
tom, united  with  the  aerial  acid,  as  appears  from 
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the  increafe  of  theif  weight,  and  their  property  of 
effervefcing  with  acids. 

The  precipitates  occafioned  by  pure  magne- 
tic gain  no  increafe  of  weight,  and,  if  they 
be  metallic,  affume  colours  different  from  thofe 
of  the  precipitates  occafioned  by  aerated  magne- 
fia : the  latter  feparates  corrofive  fubliinate  of  a 
darker  colour,  but  after  a few  hours  the  colour 
of  both  precipitates  is  a reddilh  afh-colour. 

If  to  aerated  magnefia,  diffolved  in  water,  be 
added  a folution  of  corrofive  fublimate,  the  mix- 
ture grows  a little  milky,  and  by  degrees  depo- 
fits  a quantity  of  white  fediment ; then  by  little 
and  little,  firft  upon  the  furface,  and  afterwards 
at  the  bottom,  thin  blackifh  cryftals  concrete, 
compofed  of  mercurius  dulcis,  and  calx  of  mer- 
cury partly  aerated. 

The  fmalleft  drop  of  folution  of  mercury,  in 
boiling  nitrous  acid,  is  inflantly  and  copioufly 
thrown  down  of  a brownifh  yellow  colour,  by  wa- 
ter loaded  with  magnefia,  by  means  of  aerial 
acid : but  the  folution  of  the  fame  metal,  made 
in  the  cold,  yields  a white  powder,  which,  after 
a few  days,  grows  greyifh  ; this  happens  becaufe 
the  metal  has  loft  little  of  its  phlogifton. 

§ V*  Vitriolated  Magnefia. 

Vitriolated  magnefia  is  called  Englifh  fait,  Ep- 
fom  fait,  Seydlitz  or  Seydfchutz  fait,  deriving  a 
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name  from  the  place  whence  it  comes ; but  thefe 
all  differ  very  little  from  each  other,  except  in  the 
proportion  of  falited  magnefia  which  they  contain 
mixed  with  them.  On  account  of  its  tafte  it  is 
vulgarly  called  bitter  purging  fait ; but  it  is  with 
more  propriety  called,  from  its  nature,  vitriolated 
magnefia,  efpecially  when  it  is  free  from  hetero- 
geneous matters: — in  cryftallizing,  it  exhibits 
quadrangular  prifms,  with  pyramidal  apices,  which 
are  alfo  quadrangular. 

This  fait  is  fo  eafily  foluble,  that  a kanne  of 
diddled  water,  in  a moderate  heat,  can  take  up 
70^  ounces,  but  by  boiling  140,  before  a pellicle 
appears ; yet  this  laft  folution,  when  expofed  to 
cold,  concretes  totally. — The  bulk  of  the  water  is 
encreafed  about  0,45,  by  the  addition  of  the  fait, 
and  the  heat  of  boiling ; a circumftance  which 
ought  to  be  taken  particular  notice  of  in  deter- 
mining the  quantity  of  it ; for  in  general  the 
quantity  of  water  is  determined  by  the  meafure  of 
the  folution,  which  is  always  fallacious.  If  regu- 
lar cryftals  are  required,  the  evaporation  mud 
only  be  continued  until  a drop  let  fall  on  a cold 
furface  concretes  in  a few  minutes. 

This  fait,  expofed.  to  a dry  air,  firft  lofes  its 
tranfparency,  and  at  length  falls  into  a white  pow- 
der : by  complete  calcination  all  the  water  of  cry- 
ftallization  flies  away;  this  water  forms  nearly 
one  half  of  the  whole,  amounting  to  0,48  : hence 
therefore  it  appears,  that  1 00  parts  contain  19  of 
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pure  magnefia,  33  of  vitriolic  acid,  and  48  of  wa- 
ter (§  in). 

Fixed  alkali  quickly  precipitates  it,  as  well  as 
the  volatile  alkali  when  aerated,  nay  even  that 
which  is  commonly  confidered  as  pure.  This  laft 
cafe  feems  to  indicate  a doubt  with  refpeCt  to  the 
degree  of  affinity  : — as  pure  magnefia,  ^added  to 
a folution  of  that  fait  which  is  called  fecret  ammo- 
niac, and  kept  for  fome  days  in  a bottle  clofely 
flopped,  difcovers,  upon  opening  the  bottle,  a 
diftinct  odour  of  volatile  alkali  : this  precipitation 
may  be  attributed  to  other  caufes.  Thus  the  vo- 
latile alkali  can  fcarcely  be  procured  perfectly 
pure,  being  either  adulterated  with  water  or  ae- 
rial acid:  befides,  the  purefl,  when  expofed  ever 
fo  little  to  the  open  air,  or  to  air  newly  expelled 
from  the  lungs,  inflantly  attracts  a portion  of  that 
acid  ; and  thus,  by  a double  elective  attraction, 
acquires  the  property  of  being  decompofed  : yet 
the  precipitate  occafioned  by  the  volatile  alkali  ge- 
nerally exhibits,  on  folution,  very  flight  marks  of 
effervefcence  : this  the  love  of  truth  obliges  me  to 
confefs ; fo.  that  if  this  precipitation  be  owing  to 
the  aerial  acid,  it  is  evident  that  a much  fmaller 
quantity  of  it  fuffices  for  this  purpofe  than  for  fa- 
turation  : but  thefe  caufes  are  accidental ; there  is 
one,  however,  which  is  conflant,  v.  g."  the  vola- 
tile alkali  is  very  ftrongly  united  with  magnefia 
and  vitriolic  acid  ; now  in  this  triple  fait  the  acid, 
formerly  entirely  attached  to  the  magnefia,  mult 
; . E e 4 b.c 
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be  divided  in  a certain  ratio  between  the  two ; 
and  hence  the  magnefia,  which  does  not  enter  in- 
to this  new  union,  is  feparated,  and  falls  to  the 
bottom. 

Lime-water  feparates  magnefia  from  the  vitrio- 
lic acid,  although  crude  or  aerated  lime  has  no 
effeft ; hence  it  evidently  appears  how  much  the 
efficacy  of  this  fubftance  is  affe&ed  merely  by  an 
union  with  aerial  acid. 

The  acid  of  fugar,  added  in  proper  quantity, 
takes  away  the  whole  earthy  bafis  from  the  vitrio- 
lic acid,  and  precipitates  it  to  the  bottom  in  the; 
form  of  a white  powder,  efpecially  if  the  folution 
be  infpiffated  by  gentle  evaporation ; for  other- 
wife,  by  means  of  the  fuperabundant  acid,  the 
greater  part  is  held  fufpended. 

In  the  fame  manner  the  vitriolic  (which  in 
power  of  attraction  is  among  the  ftrongefl)  yields 
magnefia  to  the  fluor  acid  : at  firft  a very  fmall 
fediment  falls,  but  during  evaporation  the  fluora- 
ted  magnefia  by  degrees  appears ; in  this  cafe, 
however,  heat  muff  be  carefully  'avoided,  as  by  it 
the  more  volatile  of  the  inenftrua  are  much  weak- 
ened. The  vitriolic  acid  is  alfo  expelled  by  the 
acid  of  phofphorus,  at  lead  when  the  watery  part 
is  fufficiently  diminilhed  by  evaporation  ; fpirit  of 
wine  coagulates  the  mixture  in  the  fame  manner 
as  it  does  with  phofphorated  magnefia. 

Rectified  fpirit  of  wine  does  not  take  up  vitrio- 
jjated  magnefia,  which  may  by  it,  therefore,  be 
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feparated  from  water.  In  proportion  as  the  folu- 
tion  is  more  faturated1,  and  the  fpirit  more  pure, 
the  coagulation  happens  more  quickly  ; fo  that  in 
a few  minutes  the  whole  mixture  will  concrete  in- 
to a folid  mafs. 

The  Seydlitz,  Seydfchutz,  or  Epfom  falts  (£) 
are  got  by  evaporation  from  the  water  of  foun- 
tains, in  the  places  from  whence  they  borrow 
their  names.  Thefe  waters  contain  other  fubflan- 
ces,  and  from  hence,  exclufive  of  the  difference 
in  exficcation,  the  falts  vary ; hence  the  Seydlitz 
fait  fcarcely  attra&s  moiflure  from  the  air.  The 
Epfom  or  Englifh  fait  is  prepared  from  fea-water, 
after  the  cryftallizations  of  the  common  fait,  by- 
boiling,  and  by  adding  colcothar  of  vitriol,  which 
contains  a portion  of  acid ; this  acid,  quitting 
the  iron,  unites  with  the  magnefia,  and  produces 
a cryflallizable  bitter  fait.  That  which  comes  to 
us  under  the  form  of  cryflalline  aciculse  contains 
fo  much  falited  magnefia,  either  united  with  the 
water  of  cryflallization  or  adhering  externally, 
that  it  eafily  deliquefces  by  the  moiflure  of  the 

( k ) The  Epfom  fait  was  firft  noticed  by  Grew  In  1675  ; 
but  as  only  a much  fmaller  quantity  than  was  ufed  could 
be  got  from  fprings,  chymifts  anxioufly  fought  for  an  ar- 
tificial mode  of  compofing  it.  Hankwitz  prepared  it  at 
London,  from  common  fait,  or  the  lall  ley  of  this  and 
calcined  vitriol,  Eph.  N.  C.  cent.  3.  and  4.  Others  found 
it  in  different  fprings  : Bertrams,  in  thofe  at  Creutzburg  j 
Gehrardten  in  thofe  at  Oberneufultz,  &c, 
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air.  The  cryflals  of  this  fait  are  fometimes  fa 
large  that  they  are  fold  for  Glauber’s  fait ; and 
on  the  other  hand,  in  France,  Glauber’s  fait,  be- 
ing reduced  to  fmall  fpiculae,  by  agitating  it  du- 
ring the  cryftallization,  is  fold  for  Epfom  fait. 

T.hefe  frauds  are  indeed  of  little  confequence, 
yet  they  throw  a veil  over  the  truth,  and  are  not 
eafily  difcovered.  I hus,  lime  water  does  not 
precipitate  genuine  Glauber’s  fait  * but  Epfpm  fait 
inftantly  yields  up  its  acid  to  the  lime,  and  a fele- 
nites,  together  with  the  deferted  magnefia,  falls  to 
the  bottom. 

Vitriolated  magnefia  does  not  give  up  its  acid 
on  diflillation. 

Phlogifticated  vitriolic  acid  alfo  diffolves  mag- 
r j ^ lalt,  arifing  from  this  com- 

bination, is  eafily  diftinguilhed  from  Epfom  fait 
by  its  tafle  ; it  alfo  yields  fmaller  cryflals,  and, 
upon  the  addition  of  any  acid,  even  vinegar,  it 
.gives  out  a pungent  and  luffocating  vapour  : it  is 
feparated  from  water  by  fpirit  of  wine,  although, 
by  the  acceflion  of  phlogiflon,  it  fhould  feem  to 
approach  nearer  to  that  inflammable  menftruum. 

§ vi.  Nitrated  Magnefia, 

1 V H ' I ( . * , t»  *• » lilt  find*,  t 

The  nitrous  acid,  faturated  with  magnefia,  af- 
ter proper  evaporation,  yields  prifmatic,  quadran- 
gular, fpathous  cryftals,  without  apices  ; thefe 
pofiefs  an  acrid,  and,  at  the  - fame  - time,  an  ex- 
ceeding 
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feeding  bitter  tafte,  and  eafily  deliquefce  in  the 
air  : if  paper  be  moifttned  with  a dilute  folution 
of  it,  after  drying,  it  burns  with  a green  flame  ; 
which  colour  aqua  fortis  alone,  in  the  fame  way, 
frequently  exhibits. 

The  acids  of  fluor,  of  fugar,  of  phoiphorus, 
and  vitriol,  take  away  magnefia  from  the  nitrous, 
a circumftance  which  yet  efcap.es  obfervation,  for 
thefe  new  combinations  are  foluble  in  nitrous  acid; 
they  may,  however,  be  brought  into  view  either 
by  evaporation,  or  by  dropping  in  highly  redtified 
fpirit  of  wine,  as  this,  by  abforbing  the  water, 
precipitates  the  falts. 

Nitrated  magnefia  yields  its  acid  on  diflillation; 
it  diffolves  completely  in  fpirit  of  wine  : in  this 
cafe,  however,  its  flame  is  not  green,  but  becomes 
larger  and  more  vivid  than  before. 

Phlogifficated  nitrous  acid  faturated  with  mag- 
nefia. betrays  itfelf  by  its  tafte,  and,  on  the  addi- 
tion of  any,  even  the  vegetable  acid,  by  its  fmell; 
but  thefe  principles  are  fcarcely  feparated  by  the 
phlogifficated  vitriolic  acid ; at  lead  the  addition 
of  rectified  fpirit  of  wine  occafions  no  coagula- 
tion (/). 

(I  ‘ Lime-water  decompofes  nitrated  magnefia.  In  a. 

memoir  on  the  treatment  of  the  mother  leys  of  nitre,  I 
have  pointed  out  this  procefs  as  very  advantageous,  not 
only  for  completing  the  analyfis  of  them,  but  alfo  for  fe- 
parating  magnefia  from  calcareous  earth,  at  fmall  expence.” 

......  Morveau. 

§ VII. 
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$ vii.  Salited  Magnefia. 

Magnefia,  diffolved  in  marine  acid,  has  an  ex- 
ceeding bitter  tafte,  and  cannot  be  cryftallized, 
unlefs,  after  being  much  infpiflated  by  heat,  it  be 
cxpofed  fuddenly  to  extreme  cold  ; but  the  acicu- 
las  which  concrete  upon  this  occafion  foon  deli— 
quefce  by  the  moifture  of  the  atmofphere.  While 
the  marine  acid  diflolves  magnefia,  its  tranfparen- 
cy  is  fomewhat  obfeured ; and  when  the  fatura- 
tion  is  finifhed,  the  folution  quickly  concretes  in- 
to a jelly  of  a watery  colour ; which,  if  diluted 
while  warm,  yields  fpongy  mafies,  not  foluble 
even  in  marine  acid : a jelly  of  this  fort  is  produ- 
ced by  the  acids  of  nitre,  of  ants,  of  vinegar,  and 
others,  but  does  not  appear  in  the  filtered  folu- 
tions  ; for  the  moifture  being  in  a great  mea- 
fure  difiipated,  thefe  yield  a vifeid  matter  like 
gum,  which,  when  well  wafhed,  is  found  to  be 
filiceous  (§  xv.)  owing  to  the  impurity  of  the  pre- 
cipitating alkali. 

If  aerated  magnefia  be  employed,  the  aerial 
acid  which  is  feparated  is  partly  abforbed  by  the 
water,  which,  by  this  means,  takes  up  a portion 
of  the  magnefia  without  any  other  aftiftance : 
hence,  when  the  folution  is  finilhed,  it  changes 
vegetable  colours  like  an  alkali  (§  iv.  a.);  which 
is  true  not  only  of  the  folution  made  by  marine 
acid,  but  of  all  others,  unlefs  the  acid  folvent  be 

fuperabundant. 
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fupcrabundant.  If,  therefore,  an  exa&  fatura- 
tion  be  required,  it  is  more  eafily  had  by  pure 
magnefia ; for  if  aerated,  in  order  to  anfwer  the 
end,  an  accuracy  extremely  troublefome  is  requi- 
re ; for  either  the  fuperfluous  aerial  acid  mull 
be  expelled,  or  the  faturation  mud  be  deter- 
mined by  repeated  trials. 

Salited  magnefia  dilfolves  in  fpirit  of  wine,  and 
is  fubje&  to  the  fame  laws  of  affinity  as  the  ni- 
trated, except  that  this  is  foluble  in  nitrous  acid  ; 
for  on  adding  that  acid,  and  evaporating,  nitra- 
ted magnefia  is  formed  ; befides,  the  acid  of  ants 
unites  intimately  with  falited  magnefia,  forming  a 
cryftallizable  fait  compounded  of  three  ingredi- 
ents : this  combination  yields  its  acid  to  a diftilling 
heat. 


§ vnr.  Fluorated  Magnefia . 

The  fluor  acid  (rri)  at  firft  violently  attacks  mag- 
nefia ; but  as  the  faturation  approaches,  certain 
particles,  almofl  infoluble,  are  feparated ; and  at 
length,  when  the  faturation  is  complete,  the  wa- 
ter, which  hardly  dilfolves  the  fluorated  magnefia, 
lets  fall  at  once  all  that  the  fuperabundant  acid  had 
taken  up. 

(m)  This  acid  was  defcribed  by  its  experienced  inven- 
tor Mr  Scheele,  in  the  Stockholm  Tranf.  for  1771. 


That 
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That  portion  which  can  be  difiolved  by  means 
of  abundance  of  acid,  on  fpontaneous  evaporation 
concretes  above  the  liquor  to  the  Tides  of  the  vef- 
fel,  in  the  form  of  a tranfparent  mucilage,  mark- 
ed with  long  and  very  llender  cryftalline  threads ; 
but  at  the  bottom  we  find  fpathofe  cryftals,  which* 
though  not  eafily  difiolved,  are  yet  not  entirely  re* 
je£tcd  by  fpirit  of  wine.  Their  form  is  hexangu- 
lar  prifms,  ending  in  a low  pyramid  compofed  of 
three  rhombi. 

, Neither  vitriolic,  nor  any  other  acid,  decom- 
pofes  fluorated  magnefia  by  the  humid  way : this 
combination,  when  alone,  and  pure,  does  not 
yield  its  acid  in  the  moft  intenfe  heat  of  diftilla- 
tion. 


§ lit.  Arfenic  ated  Magne/ici. 


The  acid  of  arfenic  («),  united  to  faturation  - 
with  magnefia,  is  with  much  difficulty  foluble  in 


water ; and  therefore,  like  the  former  combina- 


tion, the  whole  fubfides,  and  is  again  difiolved* 
if  luperabundance  of  acid  be  added  : upon  evapo- 
ration it  then  yields  no  cryftals,  but  a vifcid  maf9 
like  gum,  which  is  not  precipitated  by  fpirit  of 
wine  : yet  it  is  worth  oblerving,  that  the  acid  of 
arfenic,  added  to  acetated  magnefia,  which  like- 


(«)  This  acid  will  be  foon  deferibed  by  Mr  Scheele,  in 
t.Ue  Stockholm  Tranf.  See  DifT.  XXI.  vol.  ii. 

wife  ' 
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wife  forms  nothing  but  a vifcid  mafs  (§  xm.)  pro- 
duces elegant  prifmatic  cryftals,  which  may  be 
called  folar*  as  many  of  them  diverge  like  rays 
from  a point ; the  reafon  is  doubtlefs  this : — the 
acid  of  arfenic,  unlefs  when  fuperabundant,  can- 
not fufpend  the  magnefia,  but  all  fuperfluous  acid 
impedes  cryftallization ; now  the  acetous  acid  dif- 
folves  the  arfenicated  magnefia,  and  fuffers  it  to 
concrete  into  cryftals  by  a flow  evaporation  ; and 
the  fame  thing  takes  place,  if  the  acetous  acid  be 
expelled  from  the  magnefia  by  the  acid  of  arfenic: 
thefe  cryftals,  in  a long  continued  heat,  calcine  fo 
far  as  to  grow  opake  and  white.  What  has  been 
now  faid  of  vinegar  holds  with  refpedt  to  nitrous 
acid,  marine,  and  the  acid  of  ants ; by  all  which 
arfenicated  magnefia  is  not  decompofed,  but  dif- 
folved,  and  yields  folar  cryftals : this  feems  to  af- 
ford a method  of  cryftallizing  falts  which  are  dif- 
ficultly foluble  (§  x.  xv.);  viz.  let  the  w'ater  be 
fharpened  with  fome  fuitable  acid,  which  will  not 
alter  the  fait  required  (o). 

The 


(0)  Tin’s  pfocefs  opens  a new  field  for  obfervations  ; it 
will  be  ufeful  on  many  occafions  : but  1 doubt  whether  a 
pure  fait  can  be  by  thefe  means  obtained ; the  fuppofition 
appears  repugnant  to  the  general  and  conftant  laws  of  fo- 
lution  ; for  a cryftallizing  body  always,  of  neceffity,  re- 
tains a portion  of  the  difTolving  fluid;  this,  in  the  falts,  is 
called  the  water  of  cryftallization  : and  if  vinegar  here 
performs  the  office  of  water  mud  not  the  fait  retain  the 
vinegar  of  cryftallization?  This  cafe  is  different  from  the 

precipitation 


OF  MAGNESIA. 


448 

The  fluor  acid,  the  acid  of  fugar,  of  phofpho- 
rus,  and  vitriol,  feparate  magnefia  from  the  acid 
of  arfenic;  but  the  acid  of  tartar,  united  with 
arfenicated  magnefia,  is  generally  found  to  com- 
pofe  a triple  fait. 

This  fait  is  not  decompofed  by  fire,  unlefs  with 
the  addition  of  phlogifton ; in  which  cafe  the  acid 
intimately  united  with  it  generates  a regulus. 

1 ' . r ' v , 

§ x.  Boraxated  Magnefia. 

The  faline  fubfiance  which  in  borax  is  united 
to  the  mineral  alkali,  and  is  called  the  fedative 
fait  by  Homberg,  Ihews,  upon  examination,  un- 
precipitation of  falt8  by  fpirit  of  wine,  which  is  only  a 
fudden  abforption  of  the  water,  and  requires  that  the 
fab  fhould  not  be  foluble  in  the  added  liquid : on  the 
contrary,  we  are  forced  to  admit  a real  affinity  of  the  fluid 
with  the  fait,  a gradual  approximation  not  of  the  fait  only, 
but  of  the  integrant  parts  of  the  folution  itfelf,  in  confe* 
quence  of  the  evaporation  of  the  fuperabundant  portion  of 
the  folvent ; it  is  therefore  impoffible  that  this  adhefion  of 
the  principles  fhould  ceafe  fuddenly,  without  any  new  caufe 
fupervening  ; or  that  the  fait,  thus  abandoned,  fhould  af- 
fume  a regular  form.  To  objeft  the  uniformity  of  cryftals 
produced  in  this  manner  in  different  acids,  is  in  vain  : that 
the  two  principles  conltantly  exifting  in  thefe  combinations 
fhould,  with  refpeft  to  cryflallization,  be  endowed  with  pro- 
perties that  a third  cannot  deflroy,  is,  I think,  much  more 
probable  ; it  is  certainly  not  without  example,  even  in  the 
Ample  falts.  Morveau. 


doubted 
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doubted  though  weak  marks  of  an  acid  nature,  it 
even  attacks  fome  metals,  &c. 

If  magnefia  be  put  into  a folution  of  this,  it  will 
• be  aiflolved,  though  very  flowly,  on  account  of  the 
weaknefs  of  the  menftruunn  On  evaporation  irre- 
gular cryftalline  grains  appear : the  principle  of  con- 
nection in  thefe  being  very  weak,  they  may  be  fe- 
parated  in  the  humid  way  by  other  acids ; even  fpirit 
of  wine  feparates  them,  but  takes  up  a part  of  the 
acid  : vinegar  and  acid  of  ants  diflolve  this  fait 
entirely ; and,  when  the  moifture  is  diflipated, 
it  appears  in  the  form  of  fpiculas,  on  which  others 
ftand  at  right  angles : it  flows  in  the  fire,  and  that 
without  any  decompofition  ; nay,  the  acid  of  bo- 
rax expels  from  magnefia,  by  the  affiftance  of  heat, 
all  the  acids  which  are  volatilized  by  heat. 

T I * * ' 

§ xi.  Saccharated  Magncjlci, 


The  peculiar  acid  which  refides  in  fugar  has  al- 
ready been  defcribed,  together  with  the  belt  me- 
thod  of  obtaining  it  pure  : this  diffolves  magnefia,. 
and  holds  a great  quantity  of  it  fufpended ; but 
when  faturated,  it  fails  to  the  bottom,  refufing  to 
unite  with  water,  which  has  already  been  obfer- 
ved  m other  inftances  (§  vnt.nt.):  it  is  fcarcely 
ioluble  in  fpirit  of  wine. 

1 he  fluor  acid  alone  is  capable  of  taking  mag. 
nefia  from  acid  of  fugar  by  the  humid  way 

1 his  fait,-  when  ignited,  fends  forth  all  its  acid: 

VOL.  I.  I?  f 9 
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nor  docs  it  fhew  any  veftiges  of  a coal,  as  the  tar- 
tarifated  magnefia  does,  as  we  fhall  fee  in  the  fol- 
lowing fedtion. 

§ xii.  Tartarifated  Magnefia. 

The  genuine  (p)  acid  of  tartar  takes  up  mag- 
nefia in  the  very  fame  way  as  the  former  acid ; 
and  the  portion  which  is  fufpended  by  a fuperabun- 
dant  acid  falls  by  evaporation  in  polygonal  tranf- 
parent  grains,  refetnbling  ffiort  hexangular  prifms 
truncated  at  both  ends,  and  more  or  lefs  irregu- 
lar : fpirit  of  wine  with  difficulty  attacks  this  fait ; 
and  therefore,  when  added  to  a folution  of  it 
in  water,  immediately  throws  down  cryftalline 
grains. 

The  acids  of  fluor,  fugar,  phofphorus,  vitriol, 
nitre,  and  fait,  decompofe  tartarifated  magnefia. 

This  fait  readily  melts  in  the  fire,  boils,  fwells, 
and  yields  a coal,  which,  when  burned,  at  length 
leaves  the  magnefia  free. 

r ' * V 

§ xin.  Ace  fated  Magnefia. 

Vinegar,  though  loaded  to  faturation  with  mag- 
nefia,  yet  diffolves  readily  in  water  : however  eva- 
poration be  conduced,  no  cryflals  are  obtained; 
but  at  length  a vifcid  deliquefcent  mafs  appears, 

[p)  See  the  Stockholm  Tranf.  for  1770. 

which 
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vrhich  parts  with  the  vinegar  on  diftillation.  Spi- 
rit of  wine  may  be  completely  mixed  with  this  fa- 
line  liquor. 

All  the  acids,  except  phlogifticated  vitriolic  and 
nitrous  acids,  and  the  aerial  acid,  decompofe  ace- 
tated  magnefia. 

§ xiv.  Formicated  Magnefia . 

The  acid  of  ants,  when  faturated  with  magne- 
fia, quits  the  water,  and  falls  to  the  bottom  : this 
is  again  foluble  in  fuperabundant  acid,  and  depo- 
fits  cryflals  upon  evaporation,  which  are  very  dif- 
ficultly foluble  in  water,  are  void  of  tafle,  do  not 
melt  in  the  fire,  but  fwell  and  decrepitate  a little, 
foon  grow  black,  and  fplit  at  length  into  a white 
powder,  which  effervefces  with  acids  ; becaufe  the 
acid  of  ants,  when  it  is  deftroyed,  yields  aerial 
acid  to  the  magnefia  : the  figure  of  the  cryftals 
is  hemifpheric,  the  cutting  plane  being  oblique,  a 
little  concave,  polifhed,  with  {trite  (which  are 
fcarce  diftinguilhable  by  a glafs)  diverging  from  a 
center  very  like  the  tubercles  of  liverwort  : hence 
the  acid  of  ants  is  readily  diftinguifhed  from  vine- 
gar, to  which,  in  other  refpects,  it  is  very  like ; 
it,  as  well  as  phlogifticated  vitriolic  and  nitrous  a- 
cid,  takes  away  magnefia  from  the  acid  of  ants  : 
one  half  the  weight  of  this  fait  is  magnefia;  one 
part  of  it  requires  thirteen  of  water  to  dilfolve  it 
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in  a moderate  heat  : fpirit  of  wine  does  not  take 
it  up  (q).  . • 

. V *T  . • rt  , 4 , ! . , • , 

§ xv.  Phofphorated  Magnefia. 

The  acid  of  phofphorus  takes  up  magnefia  al- 
inoft  in  the  fame  way  as  the  former ; but  that 
which  is  taken  up  by  afuperabundant  acid,  as  foon 
as  evaporation  begins,  yields  cryftaUine  grains, 
which  are  fomewhat  larger  in  acetated  magnefia 
when  the  acid  of  phofphorus  has  been  previoufly 
added  ; and  that  for  the  reafon  affigned  (§  ix.)  ; at 
length,  however,  the  whole  liquor  falls  into  a vif- 
cid  mafs. 

By  the  humid  way  the  acid  of  phofphorus  takes 
away  magnefia  from  all  the  acids,  except  the  fluor 
acid  and  acid  of  fugar— -by  the  dry  way  all  the  vo- 
latile acids  are  expelled. 

A folution  of  phofphorated  magnefia  grows 
cloudy  upon  the  addition  of  lpirit  of  wine ; buL 
when  the  fpirit  is  dilfipated  by  evaporation,  the 
clouds  again  difappear. 

In  general, ' it  is  proper  to  obferve,  that  folu- 
tions  of  common  magnefia,  in  all  the  acids,  are 
of  an  opal  colour,  occafioned  by  filiceous  a- 
toms  which  remain  upon  the  filter  5 but,  when 

(7)  If  the  fmalleft  quantity  of  calcareous  earth  be 
mixed  with  magnefia,  fparry  cryitals  arc  loimed,  vhicu 
efflorefee  in  the  air.  See  J.  Afzelius  on  the  Acid  of 
Ants. 
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that  operation  is  negle&ed,  fall  by  degrees  to 
the  bottom,  and  concrete  into  a gelatinous  mafs 

(§  In0- 


§ xvr.  Whether  Magnefia  be  Joluble  in  alka- 
line Salts. 

Some  bodies  are  of  fuch  a nature,  that  they  pof- 
fefs  an  attraction  both  for  acids  and  alkaline  men- 
ftrua.  Among  thefe  it  will  be  fufficient  to  men- 
tion copper,  which  is  diffolved,  not  only  by  acids, 
but  by  alkali,  efpecially  the  volatile,  which  forms 
with  this  metal  a cryftallizable  fait ; it  has  been 
properly  enough  doubted,  whether  magnefia  was 
one  of  this  kind  of  bodies.  Margraaf,  in  the  pre- 
cipitation of  magnefia,  cautions  us  againft  the  ufe 
of  too  much  alkali,  particularly  the  mineral  and 
volatile,  as  thefe  again  diminifh  the  quantity  of 
precipitate  which  had  been  before  thrown  down  : 
with  that  noble  candour  with  which  this  illuftrious 
man  always  relates  his  experiments,  he  confefles, 
at  the  fame  time,  that  he  could  not  effe&  a direft 
lolution,  although  fome  bubbles  appeared,  which 
feemed  to  indicate  fome  kind  of  a&ion  in  the  men- 
ftruum.  In  this  very  bufinefs  all  my  labour,  too, 
was  in  vain  ; but  we  now  know  that  the  earth,  after 
having  been  thrown  down,  may  again  difappear  by 
another  medium,  viz.  aerial  acid  (§  n.).  To  this, 
therefore,  and  not  to  the  foie  aftion  of  the  alkali, 
3rc  we  to  attribute  this  phenomenon ; efpecially 
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as  the  circumftances  attending  it  agree  exa&ly 
with  the  nature  of  the  alkalis  ; for,  in  the  fame 
weight,  volatile  alkali  contains  more  aerial  acid 
than  the  fixed  mineral ; and  the  vegetable  leaft  of 

all  (0. 


§ xvii.  Magnejia  dijjolves  Sulphur. 

Magnefia  attacks  fulphur  both  by  the  dry  and 
the  humid  way ; but  the  connexion  of  thefe  fub- 
ftances  is  fo  loofe,  that  they  foon  feparate  in  the 
open  air.  Let  4 of  a bottle,  containing  a pound, 
be  filled  with  diftilled  water  ; let  a handful  of  mag- 
nefia, and  as  much  flower  of  fulphur,  be  put  in ; 
let  the  air  included  above  the  liquor  be  rarefied 
by  heat,  and  the  bottle  then  fhut  clofe ; let  it  be 
then  kept  in  balrieo  mariae  for  fome  hours  ; and, 
after  cooling  fufficiently,  when  the  orifice  is  open- 
ed, a manifelt  htpatic  odour  ftrikes  the  noftrils; 
but  the  water  itftlf,  when  filtered,  yields,  with  a 
lixivium  of  fixed  alkali,  a fediment,  which  is  fo- 
luble  in  acids.  With  folution  of  filver,  it  grows 
black  and  turbid  ; as  alfo  with  faccharum  faturni : 
on  fpontaneous  evaporation,  the  bottom  of  the 
veflel  is,  at  length,  found  covered  with  a pellicle, 
interfperft d with  cryftalhne  aciculas,  which  difiolve 
with  tffervtltence  in  acids,  except  a greyifh  pow- 
der, which,  thrown  on  live  coals,  gives  out  a iuL 

(r)  See  Diflertation  I.  $ vm. 
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phureous  fmell,  but  no  flame ; which  undoubtedly 
arifes  from  hence,  that  the  fulphur  is  impure,  being 
enveloped  with  faline  particles. 

§ xviii.  Elective  Attractions  of  Magnefia. 

1 i '. 

The  phenomena  above  related,  point  out  the 
following  order  of  elective  attractions,  in  the  hu- 
mid way,  viz.,  firft  fluor  acid  (§  x. — xv.)  ; acid  of 
fugar  (vm.  xi.  xv.);  phofphoric  acid  (xi.  xv. 
v.);  vitriolic  acid  (xv.  v.  ix.);  arfenical  acid 
(ix.  v.  vi.)  ; nitrous  acid  (ix.  vi.  vii.);  marine 
acid  (vi.  vii.  xii.);  acid  of  tartar  (vii.  xii. 
x.);  acid  of  ants  (x.  xiv.  xm.);  acetous  acid 
(xiv.  xin.  vi.);  acid  of  borax  (xii.  x.  xiv.); 
phlogifticated  vitriolic  acid  (vi . v.) ; phlogiflica- 
ted  nitrous  acid  (xm.  vi.  v.)  ; aerial  acid  (iv.); 
water  (in.);  and  fulphur  (xvn.). 

In  the  dry  way,  the  order  is  different ; for  in 
this  the  more  fixed,  though  weaker  acid,  by 
means  of  the  heat,  overpowers  the  volatile,  tho* 
ftronger.  Let  m denote  any  fubftance  attracted 
by  two  inenftrua  ; the  ftronger,  in  a moderate 
heat,  by  the  elective  attraction  a,  the  weaker  by 
the  elective  attraction  a ; let  us  then  fuppofe  the 
firft  more  volatile  in  the  fire,  and  denote  its  nifus 
to  rife  by  v,  and  the  nifus  of  the  other  by  v : it 
now  appears,  that  m is  attracted  by  a force  = a 
— a ; but  let  the  heat  be  continually  increafed, 
and  this  force  will  be  continually  changed.  Now, 
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fince  v increafes  more  than  v , at  length  a — a 
will  be  = v — v ; but  when  the  fire  is  further  in- 
creafed,  the  equilibrium  will  be  deftrqyed,  and  the 
menftruum,  which  was  before  weaker,  will  pre- 
vail. The  cafe  will  be  more  fimple,  if  we  fuppofe 
the  weaker  menftruum  entirely  fixed,  that  is  v = o. 
In  the  I reatife  on  Elective  Attraction,  we  (hall  exa- 
mine more  minutely  how  fire  encreafes  the  volatir 
lity  of  bodies. 

Hence  the  acids  which  are  fixed,  fuch  as  thofe 
of  phofphorus,  arfenic,  and  borax,  are  found  to 
prevail  over  all  others  ; and  from  experiments  the 
foregoing  table  is  to  be  altered  in  the  following 
manner,  viz.  acid  of  phofphorus,  of  arfenic,  of 
borax,  vitriolic  acid,  acid  of  fugar,  nitrous  acid, 
marine  acid,  acid  of  fluor,  of  ants,  of  vinegar, 
phlogifticated  vitriolic  and  nitrous  acids,  and, 
laft,  aerial  acid.  The  acid  of  tartar  has  no  place 
here,  as  it  is  deftroyed  by  a fufficient  degree  of 
fire. 

5 xix.  Magnefia  differs  from  Lime . 

Magnefia  and  lime  agree  in  this  refpett,  that 
they . both  diffolve  in  acids,  with  effervefcence ; 
yet  terra  ponderofa  and  aerated  alkaline  falts  pof- 
fefs  the  very  fame  property;  a circumftance  which 
indicates  no  more  than  the  prefence  of  aerial  acid 
in  all  of  them.  But  if  they  arc  examined  more 
clofeiy,  we  fhall  find  a remarkable  diHinnlitude ; 

the 


OF  MAGNESIA. 


457 


tfie  particulars  of  which  vve  fhall  briefly  relate,  that 
the  true  nature  of  magnefia  may  be  better  and 
more  diftin&ly  known. 

Water  takes  up  aerated  magnefia  (not  aerated 
lime)  Magnefia,  alter  a fufficient  calcination,  is 
rendered  infoluble,  (lime  foluble).  Pure  magnefia 
makes  none  but  the  volatile  alkali  cauftic,  (lime 
imparts  caufticity  alfo  to  fixed  alkali).  Magnefia, 
when  faturated  with  vitriolic  acid,  conflitutes  a 
bitter  fait,  foluble  in  about  an  equal  weight  of  wa- 
ter, (lime  yields  a felenite  almoft  infipid,  one  part 
of  which  requires  more  than  400  of  water).  Mag- 
nefia, with  nitrous  acid,  produces  a cryftallizable 
fait,  (nitrated  lime  can  fcarcely  be  brought  to 
cryftallize).  Magnefia,  with  marine  acid,  forms 
a liquor,  which,  on  diflillation,  eafily  lofes  the 
menflruum,  (lime  does  not).  Magnefia,  with  vi- 
negar,  refufes  to  cryflallize,  (lime  exhibits  feverat 
fingular  vegetations).  Magnefia  is  not  thrown 
down  from  other  acids  by  vitriolic  acid,  (lime  pro- 
duces gypfum,  which  inflantly  falls  to  the  bottom), 
Magnefia  attracts  the  fiuor  acid,  in  preference  to 
all  others,  then  the  acid  of  fugar,  and  the  reft  as 
above  defcribed,  (lime  efiedts  the  fame  menftrua 
in  a very  different  order).  There  are  many  other 
circumftances  already  mentioned,  which,  compa- 
red with  the  known  properties  of  lime,  will  evi- 
dently fhew  the  difference. 

So  great  and  fo  conftant  is  the  difference,  that 
Jhefe  fubllances  ought  no  more  to  be  confounded. 

As 
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As  the  magnefia  obtained  from  the  nitrous  lixivium 
is  almoft  always  mixed  with  lime,  in  accurate  exa- 
mination this  impure  earth  fhould  not  be  employ- 
ed : whoever  wifhes,  then,  to  examine  the  true 
nature  of  magnefia,  fliould  employ  the  bafe  of  the 
fal  amarus,  as  that,  if  rightly  prepared,  will  never 
deceive  him. 

But  it  has  been  fuggefled,  that  magnefia  is 
lime  altered,  putting  on,  pro  re  natn,  now  the 
fhape  of  lime,  now  entirely  putting  it  off ; it  is 
fcarcely  poffible,  that  the  fame  fubftance  fhould 
acquire  properties  fo  different : in  the  mean  time, 
while  we  are  only  fpeaking  of  poffibility,  we  can 
fay  no  more  than  that,  as  yet,  chymiftry  labours 
under  fo  great  imperfe&ion,  that  it  cannot,  a 
priori , determine  whether  or  not  the  powers  of 
nature  be  fufficient  to  effeft  fuch  a metamorpho- 
fis ; but  we  muft  not,  from  a bare  or  diflant  pof- 
fibility, believe  the  real  exiftence  of  transforma- 
tion. 

The  expert  are  not  diflurbed  by  vague  affer- 
tions.  Accurate  experiments,  both  analytic  and 
fynthetic,  and  thefe  accurately  employed,  at  all 
times  and  in  all  places  afford  the  fame  refults : the 
vitriolic  acid,  faturated  with  lime,  produces  gyp- 
fum;  with  magnefia  the  fal  amarus,  and  that 
conftantly.  In  order  to  obtain  gypfum  from  lime- 
water,  we  need  no  other  artifice  than  a perfect 
faturation  : if  the  acid  menftruum  is  fuperabund- 
ant,  gypfum  is  indeed  produced,  but  fo  much  pe- 
netrated 
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netrated  by  the  acid,  as  to  deliquiate  in  the  air,  to 
preferve  its  polifh  long  in  the  fire,  and  to  flow  very 
readily;  but  if  this  acid  be  fuperfluous,  orfaturated 
or  feparated  by  means  of  fpirit  of  wine,  a true  gyp- 
fum  appears ; which  will  hereafter  be  feen,  when 
we  examine  lime.  Varieties,  occafioned  by  the 
abundance  or  deficiency  of  a proximate  principle, 
cannot  properly  be  called  tranfmutations  ; — the 
vitriolic  acid  remains  truly  and  totally,  in  itfelf, 
unchanged ; the  fame  may  be  faid  of  lime ; al- 
though, according  to  the  variety  of  quantity  in 
each,  they  may  both  be  varied  three  different 
ways : for  either  they  are  both  faturated,  or  the 
acid  abounds,  or  it  is  deficient;  in  each  of  thefe 
cafes  a true  gypfum  is  produced;  but  in  the  fecond 
cafe  it  is  loaded  with  a difengaged  acid ; in  the 
third,  with  a lime  not  difiolved  ; and  hence  its 
nature  and  properties  mud  be  more  or  lefs  obfcu- 
red  : that  this  is  the  cafe  is  evident ; and  befides, 
thefe  two  principles  may  be  again  feparated  in  all 
refpe&s  the  fame  as  they  had  been  before  their 
union;  a circumflance  which  does  not  agree  with  a 
real  tranfmutation  ; at  leaft,  if  the  meaning  of  that 
word  be  extended  fo  far,  it  will  apply  to  all  the 
neutral  and  middle  falts. 

At  the  time  when  men  w'ere  ignorant  of  the 
true  preparation  of  Epfom  fait,  various  opinions 
were  entertained  upon  that  fubjed ; and  among 
others,  it  was  thought,  that  lime,  firft  diflolved 
in  marine  acid,  then  precipitated  by  vitriolic  acid, 

filtered. 
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filtered,  and  evaporated  to  a pellicle,  would  yield 
true  Epfom  fait.  But  whoever  tries  the  experi- 
ment will  foon  find,  that  the  precipitate  firft 
thrown  down,  and  the  aciculae  after,  when  wafli- 
ed  in  fpirit  of  wine,  are  no  other  than  perfed 
gypfum:  this,  on  account  of  its  being  but  juft 
made,  and  therefore  not  yet  deprived  of  the  ad- 
hering liquor,  has  a tafte  acid,  and  fomewhat 
bitter,  partly  occafioned  by  the  marine  acid  ftill 
difengaged,  and  partly  from  the  lime : but  if,  by 
means  of  filtration  through  paper,  or,  which  is 
better,  by  fpirit  of  wine,  it  be  deprived  of  its  li- 
quor, it  (hews  all  the  properties  of  genuine  gyp- 
fum, unlefs  magnefia  be  mixed  with  the  lime,  as 
we  {hall  afterwards  fee  (§  xx.).  In  this  cafe, 
therefore,  there  is  no  real  tranfmutation  ; which, 
if  it  took  place,  would  undoubtedly  prevent  the 
production  of  the  fmallefl  particle  of  vitriolated 
magnefia. 

Nor  {hall  we  fucceed  better,  if,  according  to 
the  dire&ions  of  others,  lime  precipitated  from, 
nitrous  or  marine  acid  be  moiftened,  and  after- 
wards expofed  to  calcination,  with  ever  fo  great 
caution  : certainly,  by  this  method,  nothing- 
more  can  be  had  than  lime  more  or  lefs  impreg- 
nated with  the  acid,  in  proportion  as  the  degree 
of  heat  has  been  lefs  or  greater. 

Magnefia,  precipitated  by  an  alkaline  fait  from 
lixivium  of  nitre,  is  readily  diflolved  in  vitriolic 
acid.,  yielding  that  lalt  which  goes  by  the  name 
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bf  Epfom  fait ; but  that  which  is  got  by  evapora- 
tion and  calcination  neither  effervefces,  nor  feems 
to  be  dimiriifhed  in  that  menftruum.— Hence 
magnefia  is  fuppofed  to  be  transformed  into  lime 
by  means  of  fire  ; but  the  true  reafon  of  the  phe- 
nomenon is  very  different: — the  acid  attacks  cal- 
' cined  magnefia,  indeed,  but  very  fiovVly ; for  the 
part  of  the  menftruum  which  lies  next  round  it, 
becoming  fpecifically  heavier,  finks  to  the  bot- 
tom, preventing  the  accefs  of  the  difetigaged  acid; 
by  degrees,  however,  the  acid  penetrates  ; fo  that 
if  a fufficient  quantity  be  added,  it  will  at  length 
take  Up  the  whole  of  the  magnefia,  which  is  not 
the  cafe  with  lime  : an  inteftine  motion  of  the  li- 
quor accelerates  all  folutions ; and  hence  it  is  that 
aerated  magnefia  quickly  vanithes ; for  the  aerial 
acid,  being  expelled  by  the  ftronger  acid,  breaks 
forth  in  innumerable  bubbles,  which  agitate  and 
difplace  the  feveral  particles,  fo  that  the  acid  is 
perpetually  in  contact  with  the  magnefia : for  the 
fame  reafon  calcined  lime  and  terra  ponderofa  are 
dilfolved  more  flowly  than  when  they  are  aera- 
ted. 

Others  contend  that  magnefia  is  generated  from 
clay,  by  means  of  vitriolic  acid ; and  this  I will 
readily  grant  to  be  the  cafe,  provided  any  one  can 
fhew  a method  by  which  pure  clay  can  be  thus 
changed; — conje&ures  and  opinions  ifhould  de- 
pend upon  or  be  formed  by  experiments.  With 
vitriolic  acid  they  obtain  from  common  clay  the 

earth 
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earth  of  alum,  which  being  afterwards  mechani- 
cally and  carefully  mixed  with  filiceous  earth,  a- 
gain  regenerates  common  clay  ( s' ).  From  what 
has  been  faid  it  appears,  that  magnefia  is  an  earth 
diftind  from  all  others,  whether  fimple  or  com- 
pound we  will  not  take  upon  us  to  decide  ; the 
fame  is  alfo  true  of  lime  : but  as  in  all  the  experi- 
ments hitherto  inftituted  they  preferve  conftant 
properties,  and  are  never  decompofed,  they  ought 
to  be  reckoned  among  the  fimple  bodies,  until  a 
faithful  analyfis,  confirmed  by  a proper  fynthefis, 
reveal  their  origin.  That  man  will  certainly  de- 
ferve  well  of  the  fcience  of  chymiflry  who  {hall 
{hew,  not  by  forged  opinions,  but  by  undoubted 
experiments  (which,  at  all  times  and  in  all  places, 
will  hand  the  moft  rigorous  teft)  that  magnefia 
owes  its  origin  to  lime  or  clay. 

, l.  \ ■'  ' ' 

§ xx.  In  what  State  Magnefia  occurs  upon  the 
Surface  oj  the  Earth. 

Magnefia  is  lefs  common  than  other  primitive 
earths  ; or,  to  lpeak  more  properly,  it  is  fo  mixed 

(j)  See  Margraaf,  vol.  ii.  p.  49-  he  concludes  “ this 
earth  is  neither  calcareous  nor  aluminous;”  p.  ic.  and  n. 
he  fays,  “ the  objeftions  of  a certain  chymift  on  this  fubjeft 
are  fo  trifling,  that  to  anfwer  them  would  be  lofs  of  time  : 
I {hall  only  fay,  that  clay  may  be  recompofed  juft  the  fame 
as  before,  by  putting  together  its  conftituent  parts  ; where- 
fore no  tranfmutation  is  produced  by  the  vitriolic  acid,  nor 
any  new  fubftance  produced  during  the  operation.” 

with 
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with  other  matters,  that  it  can  neither  be  imme- 
diately diftinguifhed,  nor  often  freed  from  hetero- 
geneous matters,  without  the  help  of  acid  men- 
ftrua.  Magnefia,  as  well  as  clay,  is  an  exceeding 
fine  light  and  fpongy  earth,  and  therefore  the  ve- 
ry pureft  of  them,  buried  in  the  earth,  mult  ne- 
ceflarily  be  foon  mixed  with  heterogeneous  parti- 
cles. Magnefia,  lime,  terra  ponderofa,  clay,  and 
flint,  if  reduced  to  a fine  powder,  and  ground  to- 
gether, along  with  water,  cannot  afterwards  be 
feparated  from  each  other  but  by  fit  menftrua. 
It  would  however  be  highly  abfurd  to  deny  that 
thefe  fubftances  are  contained  in  their  perfect  ftate 
in  the  mixture  ; and  to  afiert,  that  they  are  pro- 
duced by  the  aftion  of  acids. 

All  thefe  (except  the  laft,  which  refufes  to  unite 
with  ordinary  acids)  though  diflolved  and  precipi- 
tated 30  times,  were  yet  found  abfolutely  unchan- 
ged : the  only  variety  which  occurred  was  with 
refpeft  to  the  three  firft,  which  appeared  cauftic 
or  mild,  according  as  the  precipitating  alkali  had 
been  either  aerated  or  pure  : befides,  not  one  of 
thefe  five  earths  could,  by  means  of  any  men- 
ftruum  hitherto  tried,  be  a&ually  tranfinuted  into 
another  •,  fo  that,  confidently  with  the  rules  of 
right  reafoning,  we  cannot  deny  the  exigence  of 
magnefia,  although  it  is  often  fo  enveloped  in  he- 
terogeneous matter  that  it  cannot  be  extricated 
without  the  help  of  acid  menftrua.  In  many  bitter 
waters  we  find  magnefia  combined  with  vitriolic 
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acid ; and  the  celebrated  Monnet  has  lately  difco- 
vered  a fchift  which,  when  roafted  and  elixattd, 
yields  a true  fal  amariis,  fuch  as  occurs  in  our  alu- 
minous fchift  (7),  though  in  fmall  quantity. 

At  the  (liver  mine  of  Salberg*  upon  the  furface 
of  the  great,  mafies  which  are  annually  heaped  up 
for  the  purpofe  of  fe  pa  rating  the  ore  by  wafliing, 
*3  found  a cruft  which,  when  examined,  is  often 
found  to  contain  65  lb.  in  the  cwt*  of  fal  amarus; 
for  the  matrix  confift6  of  calcareous  earth,  which, 
befides  filiceous , atoms,  contains  magnefia  fome- 
tirnes  mixed ; but  there  are  alfo  prefent  grains  of 
pyrites,  which,  by  fpontaneous  calcination,  form 
with  the  calcareous  earth  gypfum,  and  with  the 
magnefia  fal  amarus.. 

It  is  found  united  with  nitrous  acid  in  all  ni- 
trous earth,  and  with  marine  acid  in  great  quan- 
tity in  fait  fprings,  and  in  the  water  of  the  ocean; 
and  it  is  this  which  occafions  the  difagreeable  bit-* 
ter  tafte. 

It  is  found  in  the  very  fame  (late  in  which  we 
have  it  in  the  (hops,  in  various  mineral  waters,  as 
Pyrmont,  Spa,  and  Seltzer,  deftitute  of  every  a- 
cid  except  the  aerial. — Let  me  a(k,  what  acid  it  is 
that  forms  it  in  this  cafe  ; as  we  lee  it  can  be  fepa- 
r-ated  merely  by  evaporation  ? 

Mixed  with  certain  clays,  with  lime,  and  filice- 
ous powder,  it  forms  a lingular  variety  of  marL 


(?)  Dili.  IX.  of  the  Preparation  of  Alum* 
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- It  is  found  in  the  terra  lemnia,  combined 
with  clay,  flint,  and  martial  earth ; it  alfo  en- 
ters into  the  compofltion  of  various  ftones  $ 
with  flint  it  is  united  in  the  fleatite  and  ferpenti- 
num ; with  flint  and  lime  in  afbeftos ; with  flint 
and  clay  in  mica. — It  is  alfo  hidden  in  calcareous 
ftones  which  have  been  long  buried  in  the  fea, 
confifting  of  impalpable  particles ; and  in  many 
others  not  yet  fufficiently  examined. 

Garnets  alone  never  form  entire  mountains ; 
yet  we  cannot  from  thence  doubt  of  their  exift- 
ence.— -The  fame  may  be  fajd  of  pure  quartz,  and 
others. 

Therefore,  although  no  one  has  yet  feen  thick 
ftrata,  or  huge  heaps  of  magnefia,  yet  it  is  form- 
ed in  a perfeCt  ftate  upon  the  furface  of  the  earth  j 
and  the  chymical  analyfis  of  earths  and  ftones  dif- 
covers  it,  partly  mixed  mechanically  with  other 
matters,  partly  dilfolved ; — neither  its  quantity  nor 
bulk  can  change  the  nature  of  the  thing  itfelf : 
we  are  forced  to  give  up  fuch  tranfmutations,  as  not 
only  being  fallacious,  and  not  founded  upon  fuf- 
ficient  experiments,  but  as  contradicting  each  o- 
ther:— for  fome  pretend  that  magnefia  is  produ- 
ced from  lime,  others  from  clay,  a third  from  the 
earth  of  alum,  and,  what  is  obfervable,  that  this 
may  be  done  by  the  vitriolic  acid.  But  we  are 
not  enquiring  what  may  pofflbly  be  done,  being 
intent  on  difcovering  what  plain  experiments  fhew 
to  have  been  actually  done. 

^ 0 L.  I.  Q g- 
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• Magnefia  has  hitherto  been  only  ufed  in  the  a- 
pothecary’s  fhop  ; and  it  a£ts  in  a different  way, 
according  as  it  is  crude,  or  calcined,  or  combined 
with  an  acid  : — when  crude  it  deftroys  acidities  irl 
the  prims,  vix,  but  at  the  fame  time  giving  out 
its  aerial  acid,  occafions  in  fome  perfons  confider- 
able  inconveniencies  (v).  It  accelerates  the  pu- 
trefaction of  fleffi  more  than  chalk,  crabs  claws, 
or  the  other  teftaceous  powders  ; but  retards  that 
of  the  bile  (»).  * 

Half  the  dole  of  calcined  magnefia  equally  opens 
the  bowels,  and  deftroys  acidity,  and  that  with- 
out any  inconvenience.  It  not  only  preferves  flefh 
long,  but  in  a fingular  manner  reftores  bile  al- 
ready corrupted:  taken  in  equal  pr  portions, 
with  camphor,  opium,  guaiacum,  ftor  , inaftic, 
affafcetida,  myrrh,  fcammony,  and  0 r gum- 
reftns  or  pure  refins,  and  triturated  wiui  water, 
it  yields  very  ufeful  tinCtures  ; for  upon  filtration 
they  appear  clear  ail'd  faturated,  without  any  thing 
cauftic,  as  calcined  magnefia  refufes  to  diffolve : 

ii * * * v)  Quandoque  flatulent  ias  et  morficationes  in  imo  ven- 
tre relinquit,  fi  frequentius  in  ufum  traliitur,  priraaque  re- 

gio,  ptogignendis  corrofivis  fuccis,  ut  in  hypochondriacs 

fieri  folct,  expofita  eft. 

(«)  Henry  on  Magnefia. 

but 
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but  thefe  tin&ures  mult  be  only  made  when 
wanted. 

Every  one  knows  the  cathartic  ufe  of  vitriolated 
magnefia.  , 

The  ufe  of  magnefia  in  rural  oeconomy  muft  be 
left  to  the  examination  of  manures. 


END  OF  THE  FIRST  VOLUME. 
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